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Abstract 

 

Enhancement of the Floodplain Management Program in Raleigh, NC: 

An Analysis of Flood Risk Reduction and Preparedness Strategies 

 

Lauren Elise Tuttle, MSCRP 

The University of Texas at Austin, 2013 

 

Supervisor:  Sarah Dooling 

 

The city of Raleigh, NC has historically experienced and is expected to continue 

to experience rapid population growth and land development. These growth and 

development patterns may have future implications for the frequency, intensity, and 

spatial location of flooding events within the city. Floodplain management is an essential 

operation for urbanized communities in reducing the flood risk for and increasing the 

flood preparedness of floodplain property owners. Despite Raleigh’s existing floodplain 

management program, the city has continued to experience damaging floods within its 

floodplains. Therefore, additional floodplain management strategies may be necessary to 

mitigate the increased flood risk which Raleigh’s future urbanization may cause. The 

enhancement of the city’s floodplain management program has even been explicitly 

identified as a need in Raleigh’s 2030 Comprehensive Plan. Therefore, this report 

examines: 1) what are Raleigh’s current approaches to flood risk reduction and 

preparedness in the 100-year floodplain, and 2) what and how can Raleigh learn from 

other cities’ approaches to flood risk reduction and preparedness.  
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The current state of Raleigh’s floodplain and Raleigh’s flood history was first 

determined through conducting: 1) a GIS  spatial analysis, 2) interviews, and 3) a review 

of local news sources. The first research question was then answered through examining 

Raleigh’s floodplain ordinance, hazard mitigation plan, capital improvement program, 

and additional reports and website, and conducting interviews. Five categories of 

strategies for reducing flood risk and increasing flood preparedness were identified: 1) 

preventative strategies, 2) corrective strategies, 3) planning strategies, 4) structural 

strategies, and 5) warning strategies. The second research question was then answered 

through examining the above mentioned five categories of strategies in the floodplain 

management programs of Tulsa, OK and Charlotte, NC. Sources used to identify these 

cities’ strategies were similar to the sources used for Raleigh. Effectiveness of these 

strategies and implementation challenges of these strategies were next identified. Based 

on a final comparison of these three cities’ strategies, recommendations for new 

strategies which Raleigh could incorporate into their floodplain management program, 

potential effectiveness of these strategies, and potential implementation challenges were 

identified.  
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Chapter 1:  Introduction 

OVERVIEW 

Why Does Raleigh Need to Enhance Its Floodplain Management Program? 

The city of Raleigh is located in central North Carolina and is currently home to 

approximately 404,000 individuals. For every decade since 1900, Raleigh has 

experienced population growth rates of over 24%. Between 2000 and 2010, specifically, 

Raleigh’s population increased by approximately 47% (U.S. Census Bureau, n.d.). The 

city’s rapid population growth is expected to continue to occur as a result of the city and 

surrounding area’s large number of high-tech and government jobs, and universities, and 

presence of a highly-educated population, housing diversity, mild year-round climate, etc. 

In terms of land development, this rapid population growth has primarily manifested 

itself through low-density single-family residential land use. Despite the increase in 

population, Raleigh’s population density has remained approximately 2,800 

individuals/mile
2
 since the 1960s through the continual suburbanization of newly 

annexed land by the city (City of Raleigh Department of City Planning, n.d.).  

It is important to examine Raleigh’s historical population growth and land 

development patterns because these patterns may have future implications for the 

frequency, intensity, and spatial location of flooding events, and therefore, flood risk to 

existing development and floodplain property owners. Suburbanization and low-density 

development requires additional infrastructure, such as roads, which involves the addition 

of impervious surface. Impervious surface has been shown to negatively impact stream 

hydrology, stream geomorphology, and riparian zone functionality, through these 

surfaces’ effect of increasing the velocity and volume of stormwater runoff (Bernhardt & 

Palmer, 2007). The increased velocity and volume of stormwater runoff may lead to 
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flooding in areas which have not historically flood or exacerbate flood conditions in areas 

which currently flood during precipitation events.  

Floodplain management is an essential operation for urbanized communities in 

reducing the flood risk for and increasing the flood preparedness of floodplain property 

owners. There are many strategies to floodplain management, some of which include 

restricting development in the floodplain, acquiring or relocating flood-prone buildings, 

providing flood warnings to the public, and maintaining drainage systems (Federal 

Emergency Management Agency, 2006). Raleigh currently contains 16.71 miles
2
 of 

floodplain as defined by city officials and the Federal Emergency Management Agency 

(FEMA) within its planning jurisdiction (i.e., city limits and extraterritorial jurisdiction 

(ETJ)). The city’s current floodplain management strategies primarily include the 

regulation of floodplain development through the City Code, and requiring permits for 

development inside the floodplain. Additionally, the North Carolina Department of 

Environmental and Natural Resources restricts certain activities and land uses within 50 

feet of Raleigh’s streams which may compromise the health of the vegetation of this 

riparian buffer zone (City of Raleigh, 2012, May; City of Raleigh, 2012, October; North 

Carolina Division of Water Quality, n.d.). Despite these existing floodplain management 

strategies, the city has continued to experience damaging floods within its floodplains 

(City of Raleigh Department of City Planning, n.d.). Therefore, additional floodplain 

management strategies will be necessary to mitigate the increased flood risk which 

Raleigh’s future urbanization may cause and increase the flood preparedness of 

floodplain property owners. 
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Research Questions 

The enhancement of the city’s floodplain management program has been 

explicitly identified as a need in Raleigh’s 2030 Comprehensive Plan (adopted October 7, 

2009). The Comprehensive Plan specifically states that the floodplain management 

program should be enhanced in such a way which defines “facilities, programs, and 

policies necessary to improve preparedness and reduce the risks associated with 

flooding” (City of Raleigh Department of City Planning, n.d., 125). In order to learn what 

possible facilities, programs, and policies could be incorporated into Raleigh’s floodplain 

management program, the Comprehensive Plan recommends the study of flood risk 

reduction and flood preparedness strategies used by other cities (City of Raleigh 

Department of City Planning, n.d.). Therefore, this report will examine: 1) what are 

Raleigh’s current approaches to flood risk reduction and preparedness in the 100-year 

floodplain, and 2) what and how can Raleigh learn from other cities’ approaches to flood 

risk reduction and preparedness. These broad research questions will be answered 

through specifically answering: 

1. Where in Raleigh’s 100-year floodplain is flooding experienced most frequently 

and to what spatial, temporal, and economic extent? What is the current 

development footprint in Raleigh’s 100-year floodplain? 

2. What flood risk reduction and preparedness strategies are currently used by 

Raleigh? 

3. What flood risk reduction and preparedness strategies are currently used by Tulsa, 

OK and Charlotte, NC? What were challenges associated with the implementation 

of these strategies? How were these challenges overcome? 

4. Based on these case studies, what are effective flood risk reduction and 

preparedness strategies which could be used by Raleigh? 
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The floodplain management programs of Tulsa, OK and Charlotte, NC will be 

examined to identify flood risk reduction and flood preparedness strategies which could 

be incorporated into Raleigh’s floodplain management program. In addition to these 

cities’ programs being explicitly identified by the Comprehensive Plan as programs 

which should be studied, these cities’ programs are of particular interest because of these 

cities’: 1) status within the National Flood Insurance Program’s (NFIP) Community 

Rating System (CRS) program, and 2) watershed approaches to floodplain management 

(City of Raleigh Department of City Planning, n.d.). Why Raleigh is interested in the 

floodplain management programs of Tulsa and Charlotte will be provided in greater 

detail in subsequent chapters. 

FLOODPLAIN MANAGEMENT BENEFITS 

The implementation of robust floodplain management strategies by urbanized 

communities can provide positive economic effects for floodplain property owners and 

help protect the environmental integrity of the floodplain. From an economic perspective, 

the implementation of floodplain management strategies defined by the NFIP’s voluntary 

incentive CRS program can increase the affordability of flood insurance to floodplain 

property owners. The CRS program provides financial incentives in the form of flood 

insurance discounts ranging from 5% to 45% to communities whose floodplain 

management practices exceed the minimum NFIP standards. In order to participate, 

communities must carry out some or all of the 18 floodplain management strategies 

defined by the CRS program which are organized into the categories of: 1) flood damage 

reduction, 2) flood preparedness, 3) public information, and 4) mapping and regulation. 

Based on the number of strategies a community implements, the community is classified 

into one out of ten classes, where each class is assigned a flood insurance discount for 
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Special Flood Hazard Area (SFHA) and Non-SFHA properties (Federal Emergency 

Management Agency, 2012). 

From an environmental perspective, the implementation of floodplain 

management strategies can help reduce the negative effects of urbanized communities on 

streams and riparian zones. Impervious surface, a defining element of urbanization, has 

been shown to negatively impact stream hydrology, stream geomorphology, and riparian 

zone functionality (Bernhardt & Palmer, 2007). Because impervious surfaces prevent the 

infiltration of stormwater into the ground, impervious surfaces directly increase the 

volume of stormwater which becomes runoff. Impervious surfaces also reduce the 

potential for stormwater to be evapo-transpirated by vegetation as these surfaces may 

have replaced vegetation (U.S. Environmental Protection Agency, 1993). These surfaces 

also increase the velocity of stormwater runoff which, combined with a greater volume of 

stormwater runoff, alters a stream’s hydrograph through increasing peak water discharges 

and generating higher stream flows (Arnold & Gibbons, 1996; Bernhardt & Palmer, 

2007).  

The higher volume and velocity of stormwater runoff can also cause 

geomorphological changes to a stream. As stormwater moves into a stream, the 

stormwater velocity can have the power to wash away sediment along the stream banks. 

The removal of sediment widens and straightens the stream channel, providing more 

space for higher stream volumes to flow. This erosion also leaves stream banks more 

susceptible to further erosion or could lead to the collapse of stream banks (Arnold & 

Gibbons, 1996). 

The removal of vegetation or replacement of vegetation with impervious surfaces 

in the riparian zone can also contribute to the process of stream bank erosion and stream 

channel widening. A healthy riparian zone helps control erosion as the roots of riparian 
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vegetation anchor sediment in place. A healthy riparian zone is also important because it 

protects the integrity of aquatic and riparian wildlife and reduces flood risk to nearby 

development. Additional benefits of a healthy riparian zone include reducing the volume 

of stormwater runoff pollution entering the stream, maintaining water quality, providing 

fish and wildlife habitat, controlling water temperature for aquatic wildlife, and 

dissipating stream energy during flooding events (U.S. Department of Agriculture, 1998). 

Therefore, stream and riparian zone impacts created from impervious surfaces can 

increase flood risk and therefore, create negative externalities to floodplain property 

owners. 

WHAT IS FLOODPLAIN MANAGEMENT? 

This report will specifically focus on five categories of floodplain management 

strategies which Raleigh, Charlotte, and Tulsa currently use to reduce flood risk and 

increase flood preparedness. These five categories are: 1) preventative strategies, 2) 

corrective strategies, 3) planning strategies, 4) structural strategies, and 5) warning 

strategies. These five categories of strategies were specifically derived from two flood 

risk management schematics proposed by Schanze (2006) and De Wrachien et al. (2011) 

in Flood risk management: Hazards, vulnerability, and mitigation measures and Flood 

management and risk assessment in flood-prone areas: Measures and solutions, 

respectively. These two flood risk management schematics will be discussed in detail in 

subsequent sections. However, a description of traditional flood control and floodplain 

management will be discussed first in order to provide context for the primary floodplain 

management strategies used by communities today. 
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Traditional Flood Control Strategies 

The United States has traditionally used structural strategies which alter the 

physical characteristics of floods in order to control floods. These structural strategies 

include dams, levees, flood walls, storage reservoirs, and channel modifications. These 

strategies are reactive, defensive, and strive to reduce the challenges which floods present 

to communities (De Wrachien et al., 2010; Grabs et al., 2007). The historical use of 

structural flood control strategies can be linked to 1928 when Congress enacted the 

Lower Mississippi Flood Control Act. This Act authorized the U.S. Army Corps of 

Engineers to construct dams and levees to control flooding. The number of large federal 

flood control projects completed between 1928 and 1968 has led this period in the United 

States to be known as the “Structural Era of Flood Control” (Patton, 1994). 

Between 1936 and 1966, the federal government invested over $7 billion dollars 

in flood control projects. Despite these federal expenditures and the damages which were 

prevented from these flood control projects, communities around the United States 

continued to experience losses and damages from floods (A unified national program for 

managing flood losses, 1966; Patton, 1994). Flood control projects were often designed 

to provide and in reality did actually provide flood control at specific sites. However, 

these projects sometimes exacerbated flooding at upstream sites. These flood control 

projects also provided a sense of security to communities in which where they were built. 

As a result, communities continued to develop in the floodplain, which only aggravated 

flood conditions through the increase in impervious surface in the floodplain (Patton, 

1994).  

As a result of the problems with flood control strategies, Congress released House 

Document 465, A Unified National Program for Managing Flood Losses, in 1966. The 

need for additional and non-structural strategies to address flood issues were explicitly 
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expressed in President Lyndon B. Johnson’s opening Letter of Transmittal in the 

document (A unified national program for managing flood losses, 1966, III): 

Despite our flood control achievements in the past 20 years, which have untold 

number of disasters, our river system and coastal waters are still dangerous 

friends…. The key to resolving the problem lies, above all else, in the intelligent 

planning for and State and local regulation of use of lands exposure to flood 

hazard. 

As a result of this document, Presidential Executive Order 11296 was enacted in 

1966 and subsequently resulted in the adoption of the concept of “floodplain 

management” and the National Flood Insurance Act of 1968. The National Flood 

Insurance Act made federally subsidized flood insurance available to communities that 

agreed to adopt minimum floodplain regulations to prevent future losses (Patton, 1994). 

From Flood Control to Floodplain Management 

Since 1968, the approach that communities have used to address flooding has 

shifted from structural flood control to “flood management”. Flood management has been 

considered a more proactive approach to flood issues in that this approach recognizes that 

absolute protection from floods is both unfeasible and unsustainable due to high costs and 

inherent uncertainties (Grabs et al., 2007; Schanze, 2006). 

Literature has defined flood management in several ways. However, one common 

theme among these definitions is that flood management focuses on prevention through 

managing the risks of floods rather than the control of floods (Grabs et al., 2007). For 

example, Schanze (2006) defines flood management as decisions or actions which: 1) 

mitigate the remaining risk above flood protection design standards, or 2) analyze, assess, 

and try to reduce flood risks. Plate (2002) defines flood management as widely including 

“the planning, which will reduce the flood risk” which narrowly includes a “process of 

managing an existing flood risk situation” (3). Grabs et al. (2007) defines the goal of their 
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Integrated Flood Management approach as striving to maximize the benefits from 

floodplains, while reducing the loss of life, and addressing flood vulnerability and risks 

through preventative strategies while preserving ecosystems and their biodiversity.  

From these various definitions, it can be concluded that flood management is 

primarily focused on the risks of flood. Therefore, the term “flood management” is 

equivalent to “flood risk management”. 

Flood Risk Management 

This report will focus on strategies which specifically reduce flood risk and 

increase flood preparedness. Therefore, what are flood management strategies which 

specifically strive to reduce flood risk and increase preparedness?  

According to Schanze (2006) there are three components of flood risk 

management: 1) risk analysis, 2) risk assessment, and 3) risk reduction (Figure 1). 

Because this report focuses on strategies which specifically reduce flood risk and increase 

preparedness, only the last category of risk reduction as defined by Schanze (2006) will 

be discussed. 
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Figure 1: Flood Risk Management by Schanze, 2006. 

Strategies within the risk reduction category have “a potential to decrease flood 

risk” (Schanze, 2006). Strategies are further categorized into three sub-categories: 1) pre-

flood risk reduction, 2) flood event risk reduction and 3) post-flood risk reduction. Pre-

flood reduction strategies are categorized as: 1) prevention strategies, 2) protection 

strategies, and 3) preparedness strategies (Figure 1). Prevention strategies seek to reduce 

the magnitude of floods and vulnerable elements (e.g., zoning and construction codes). 

Protection strategies seek to provide structural protection of existing vulnerable elements 

(e.g., reservoirs and other structural strategies such as dams and levees). Lastly, 

preparedness strategies seek to behaviorally prepare individuals for probable flood events 

(Schanze, 2006).  

Flood event risk reduction strategies are categorized as: 1) warning strategies, 2) 

flood control strategies, 3) flood defense strategies, and 4) emergency response strategies 
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(Figure 1). Warning strategies seek to forecast and provide information to people who are 

at risk (e.g., flood warning systems). Flood control strategies include the operative 

management of water discharge and water levels. Flood defense strategies include flood 

protection structures. Emergency response strategies seek to mitigate the damages and 

harm through conducting evacuations and rescues. Lastly, post-flood risk reduction 

strategies focus on recovery through providing relief (e.g., coverage of flood damages by 

flood insurance) and reconstruction (Schanze, 2006). 

De Wrachien et al. (2010) define flood risk management as one out of two 

processes which can be used to address flood risks. De Wrachien et al. (2010) do not 

explicitly state if the discussed strategies are specifically intended to reduce flood risk. 

However, risk, according to De Wrachien et al. (2010), is a function of hazard, exposure, 

and vulnerability. Therefore, the strategies which do reduce hazard, exposure, and 

vulnerability to floods will be considered strategies which strive to reduce flood risk. 

De Wrachien et al. (2010) categorize flood risk management strategies into three 

categories (Figure 2). Two of these three categories, preparedness and response, 

specifically include strategies which strive to reduce risk and increase preparedness. 

Preparedness strategies include preventative and precautionary strategies which seek to 

reduce the magnitude of flood hazards (e.g., reducing the effect of development on 

increasing the magnitude) and to reduce the exposure to flood hazards.  Response 

strategies seek to limit the effects of exposure to flood hazards through strategies such as 

alerting and rescuing vulnerable populations (De Wrachien et al., 2010). 
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Figure 2: Flood Risk Management by De Wrachien et al., 2010. 

Based on the two flood risk schematics proposed by Schanze (2006) and De 

Wrachien et al. (2010), there are five main categories of strategies which reduce flood 

risk and increase flood preparedness: 1) preventative strategies, 2) corrective strategies, 

3) planning strategies, 4) structural strategies, and 5) warning strategies. Although each 

city’s floodplain management program contains multiple strategies, only these five types 

of strategies used by Raleigh, Tulsa, and Charlotte will be identified and evaluated in this 

report. 
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Chapter 2:  Research Methods 

Research for this report was conducted through: 1) completing a Geographic 

Information Systems (GIS) spatial analysis, 2) conducting interviews, and 3) examining 

additional resources. A GIS spatial analysis was conducted to identify the current 

development state of the city and ETJ of Raleigh’s floodplain. Interviews with 

individuals employed by each city were conducted to identify flood risk reduction and 

flood preparedness strategies used by each city. Additional strategies were identified 

through examining websites, city code, planning documents, reports, etc. Interviews with 

individuals in the city of Raleigh and additional resources were also used to determine 

Raleigh’s flooding history and extent. 

SPATIAL ANALYSIS 

A GIS spatial analysis was conducted in the software program ArcGIS (version 

10) to identify the current development state of the city and ETJ of Raleigh’s floodplain. 

More specifically, this analysis determined: 1) the area of Raleigh’s 100-year and 500-

year floodplain, 2) the number of buildings which are completely or partially within these 

floodplains, and 3) the type and area of buildings according to how the property which 

the building is on is zoned by the city of Raleigh. A summary of the GIS data obtained 

for this spatial analysis and used in the production of maps is summarized in Appendix A. 

Appendix A contains the name of each shapefile as originally downloaded, as well as a 

description, the type, the update frequency, and the download date of each shapefile. All 

shapefiles were obtained from publically available websites, hosted by Wake County’s 

GIS Mapping Services, North Carolina OneMap, and the U.S. Geological Survey 

(USGS). All shapefiles were projected to NAD 1983 State Plain North Carolina FIPS 

3200 Feet with a geographic coordinate system of North American 1983. 
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The area of Raleigh’s 100-year and 500-year floodplain was determined through 

clipping the Wake County floodplain shapefile to the jurisdictional boundaries of the city 

and ETJ of Raleigh. A new area field was added to the clipped floodplain shapefile’s 

attribute table, and the area of each flood zone within the 100-year floodplain and the 

500-year floodplain was calculated using the calculate geometry tool.   

The number of buildings which are completely or partially within the floodplain 

was determined through using the select by location tool. The type and area of buildings 

in the floodplain according to how the property which the building is on is zoned by the 

city of Raleigh was next determined. The building area within the floodplain was first 

determined through clipping the building shapefile to the floodplain shapefile. This new 

clipped shapefile was then spatially joined with the Raleigh zoning shapefile in order to 

assign each building a zoning type. Next, the new spatially joined shapefile was 

intersected with the floodplain shapefile in order to determine the building area by zoning 

type in each flood zone within the 100-year floodplain and the 500-year floodplain. A 

new area field was next added to this shapefile’s attribute table, and the area of each 

building was calculated using the calculate geometry tool. The summarize tool was then 

used to calculate the total building area by zoning type in each flood zone within the 100-

year floodplain and the 500-year floodplain. 

INTERVIEWS 

Ten professionals from the following groups were contacted to be interviewed 

either about their city’s floodplain management programs or flooding history and extent: 

1) City of Raleigh, Department of City Planning, 2) City of Raleigh, Public Works 

Department, 3) Raleigh Insurance Companies, 4) City of Tulsa, Engineering Services 

Department, and 5) Charlotte-Mecklenburg Storm Water Services (SWS). These 
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individuals were identified based on their occupation and publically provided contact 

information either on city websites or the NFIP’s FloodSmart website. Individuals were 

contacted in early February 2013 via an e-mail explaining the purpose of this research 

project and if they could be asked 4-6 questions over the telephone at a date and time of 

their choosing (Appendix B).  

The total number of individual interviews conducted was based on the adequacy 

of information provided in each interview, and the number of individuals considered 

qualified to participate. In several instances, contacted individuals provided referrals to 

other individuals whom had already been contacted. Therefore, only four out of the ten 

individuals contacted were eventually interviewed. Interviews were conducted over the 

telephone at a date and time of the individual’s choosing in February 2013 and lasted no 

more than 30 minutes. Interview questions and responses for each participant are 

provided in Appendix C.  

Prior to conducting these interviews, a proposal for this research project and the 

methods for the interview processes were submitted for review to the Institutional 

Review Board (IRB) at the University of Texas at Austin. This review process is required 

by the university for any research involving the participation of human subjects. After 

submitting this proposal in December 2012, IRB determined that the project “did not 

meet the requirements for human subject research” since these interviews were going to 

be conducted for information-gathering purposes. The e-mail received from IRB and the 

official IRB Letter of Determination documenting this IRB determination is presented in 

Appendix D. Because IRB determined that the project did not meet the requirements for 

human subject research, an active written consent form was not obtained from the 

individuals. However, at the end of each interview, individuals were asked if their name, 

occupation, and department could be listed in the citation of the information shared 
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during the interview. This question was asked in order protect the privacy of the 

individuals. All interviewed individuals gave permission for the use of their name, 

occupation, and department. 

Raleigh, NC 

Three individuals employed by the City of Raleigh were originally contacted in 

order to identify Raleigh’s flooding history and extent, reasons why Raleigh’s floodplain 

management program should be enhanced, and flood risk reduction and preparedness 

strategies currently used by Raleigh. A senior planner in the Department of City Planning 

listed as the contact for Raleigh’s 2030 Comprehensive Plan was first contacted to 

identify: 1) what events or concerns led to the incorporation of policy and action items 

related to flood risk reduction and preparedness in the Comprehensive Plan, and 2) why 

the floodplain management programs of Tulsa and Charlotte were identified as programs 

of interest in the Comprehensive Plan. This planner provided a referral to an employee in 

the Stormwater Utility Division (SUD) in the Public Works Department. After 

subsequently contacting this individual, it was determined that interviewing Danny 

Bowden, PE, MPA, the SUD division head/program manager, would be the ideal 

individual to interview to obtain the previously described information. Among other 

items, the SUD is responsible for enforcing floodplain ordinances and designing and 

implementing stormwater capital improvement projects.  

Three insurance agents in Raleigh were originally contacted to provide additional 

information about Raleigh’s flooding history and extent, typically reported flood property 

damages, and the anticipated effectiveness of new strategies on increasing flood 

insurance coverage. These insurance agents were identified based on their office 

locations in Raleigh, their listing as an agent providing flood insurance on the NFIP’s 
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FloodSmart website, and flood insurance actually listed on these agent’s websites. Out of 

the three insurance agents originally contacted, Shaun Adams of S J Adams Inc. was 

eventually interviewed. 

Tulsa, OK 

One individual employed by the City of Tulsa’s Engineering Services 

Department, Bill Robison, PE, CFM, was contacted and interviewed in order to identify 

flood risk reduction and preparedness strategies currently used by Tulsa, implementation 

challenges associated with these strategies, and methods for overcoming these challenges. 

Robison is the lead engineer of the Stormwater Project Coordination in the Engineering 

Services Department. He also serves as Tulsa’s CRS coordinator and the chairman of the 

Oklahoma Floodplain Manager’s Association. 

Charlotte, NC 

Three individuals employed by Charlotte-Mecklenburg SWS were originally 

contacted in order to identify flood risk reduction and preparedness strategies currently 

used by the city of Charlotte, implementation challenges associated with these strategies, 

and methods for overcoming these challenges. Although this report is only concerned 

with the floodplain management program of the city of Charlotte, Charlotte and the 

county it resides in, Mecklenburg County, manages stormwater together through the 

Charlotte-Mecklenburg SWS. Approximately 55% and 45% of the Charlotte-

Mecklenburg SWS staff are employees of the City of Charlotte and Mecklenburg County, 

respectively (Charlotte-Mecklenburg Storm Water Services, n.d., How Charlotte-

Mecklenburg Storm Water Services is organized). Two of the three individuals contacted 

provided a referral to the third individual whom had already been contacted, Tim 

Trautman, PE, CFM. Trautman is the flood mitigation program coordinator for 
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Mecklenburg County and is part of the Charlotte-Mecklenburg SWS.  Trautman was 

interviewed to obtain the previously described information. 

ADDITIONAL RESOURCES 

Raleigh’s Flooding History and Extent 

In addition to information provided by Bowden and Adams, Raleigh’s flooding 

history and extent was identified through examining local Raleigh newspaper and news 

station websites, USGS data, National Climate Data Center (NCDC) data, and City of 

Raleigh websites. 

Based on the flood-prone areas identified during the Bowden and Adams 

interviews, articles and videos regarding flooding at these areas were reviewed from three 

local news sources: 1) The News & Observer (http://www.newsobserver.com/), 2) 

WRAL (http://www.wral.com/), and 3) News14 Carolina (http://triangle.news14.com/). 

At each of these websites, the area identified by Bowden or Adams was searched for 

along with the word “flood”. 

The USGS maintains and monitors water levels at more than 3,000 long-term 

stream gages across the United States (U.S. Geological Survey, n.d.). Raleigh currently 

has eight USGS gage stations. Water level data at the eight USGS gage stations present in 

Raleigh were obtained via the internet to determine if the waterways for which these 

stations are located have ever produced flood conditions and to what extent in the past. 

The NCDC Storm Events Database contains county-level data about flood and 

flash flood events storms from 2000 to the present across the United States. This data 

includes the date, time and location of a flood event, resulting deaths and injuries, and a 

narrative of the event (NCDC, n.d.). 
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Lastly, the City of Raleigh’s SUD within the Public Works Department is 

responsible for the Stormwater Capital Improvement Program. This Program designs and 

implements projects which primarily improve drainage systems (Stormwater utility 

capital improvement program, 2013). Current and past capital improvement projects were 

examined on the SUD’s website to further identify locations throughout the city which 

have had a history of localized street and structural flooding. 

Flood Risk Reduction and Preparedness Strategies 

Floodplain ordinances in each city’s City Code were examined to identify 

preventive strategies used by each city to reduce flood risk and increase flood 

preparedness. These ordinances contained development regulations based on the type of 

development and the location of the development within the floodplain. These ordinances 

were obtained from each city’s website. Supplementary or technical guidance documents 

available for these floodplain ordinances were also examined. 

Hazard mitigation plans either developed by each city or the county which the 

city resides in were examined primarily to identify future planning strategies for reducing 

flood risk and increasing flood preparedness.  However, these plans also contained 

information concerning corrective, structural and warning strategies used by each city to 

reduce flood risk and increase flood preparedness. In general, these hazard mitigation 

plans provide guidance for the city or county in terms of reducing risk to natural hazards, 

such as flooding, through recommended mitigation strategies. These plans typically: 1) 

assess current mitigation strategies, 2) identify and assess the risk of the city or county to 

natural hazards, 3) assess the city or county’s capability to mitigate impacts from natural 

hazards, 4) identifies additional mitigation strategies, and 5) outlines how these 

mitigation strategies should be implemented. These plans are usually developed in order 
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to fulfill requirements for the Hazard Mitigation Grant Program of FEMA, the CRS 

program, and other programs (Charlotte-Mecklenburg Emergency Management, n.d.; 

City of Tulsa, 2009; Wake County Emergency Management, 2012). These plans were 

obtained from each city’s or the county which the city resides in website. 

Since capital improvement projects can be carried out to improve drainage 

systems or involve the acquisition, destruction or relocation of properties within a high 

flood risk area, capital improvement plans or programs were examined to identify 

structural and corrective strategies used by each city to reduce flood risk and increase 

flood preparedness. These capital improvement plans and programs were obtained from 

each city’s website. 

Lastly, documents, reports, and information provided on the City of Raleigh’s 

SUD, Charlotte-Mecklenburg SWS, and City of Tulsa’s Flood Control websites were 

examined to identify additional strategies for reducing flood risk and increasing flood 

preparedness. Books containing information about each city’s floodplain management 

programs were also examined. However, due to the extensive history, effectiveness, and 

breadth of Tulsa’s floodplain management program, only books containing information 

about Tulsa’s floodplain management program were identified. 
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Chapter 3:  Flooding in Raleigh, NC 

COMMUNITY PROFILE 

Population and Land Use 

The city of Raleigh is located in central North Carolina and was established as the 

state’s capital in 1792 (City of Raleigh Department of City Planning, n.d.). In 2010, the 

city’s population was 403, 892 individuals with a population density of 2,826.3 

individuals per square mile (Raleigh (city) quickfacts from the U.S. Census Bureau, 

2013). Currently, the city of Raleigh is 144.39 square miles, but the city and its ETJ 

occupies approximately 182 square miles of land in Wake County and Durham County 

(Raleigh demographics, n.d.; GIS Spatial Analysis). However, a majority of the city is 

located in Wake County (Figure 3).  

 

Figure 3: Raleigh, NC. 
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Historically, Raleigh has been a fast-growing city. Between 1900 and 2010, 

Raleigh experienced population growth rates per decade ranging from approximately 

24% to 53% (Table 1). Specifically between 2000 and 2010, Raleigh experienced a 

positive population growth rate of 47%. The city’s population has been projected by 

Raleigh’s Capital Area Metropolitan Planning Organization to reach 580,000 individuals 

by 2030 and 600,000 individuals by 2035. This rapid population growth has occurred and 

is expected to continue to occur as a result of the city’s number of high-tech jobs, highly 

educated population, number of universities, housing diversity, mild year-round climate, 

etc. (City of Raleigh Department of City Planning, n.d.). 

 

Year Population Growth Rate over Past Decade (%) 

1900 13,643 - 

1910 19,218 40.86 

1920 24,418 27.06 

1930 37,379 53.08 

1940 46,897 25.46 

1950 65,679 40.05 

1960 93,931 43.02 

1970 121,577 29.43 

1980 150,255 23.59 

1990 207,951 38.40 

2000 276,093 32.77 

2010 403,892 46.29 

Table 1: Raleigh Population Growth: 1900-2010 (U.S. Census Bureau, n.d.). 

In 1900, Raleigh’s population density was approximately 8,000 individuals per 

square mile. Since 1960, the city’s population density has remained around 2,800 

individuals per square mile. The decrease in population density between 1900 and 1960 

and steady population density since 1960 has largely been a result of Raleigh’s 

continuing suburbanization and annexation. This suburban growth has occurred and is 
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primarily occurring outside of Interstate 440 in conjunction with highway expansion and 

infrastructure extensions. Since 1950, Raleigh’s land use has been characterized 

predominately by low-density development with the separation of residual and non-

residential land uses. In 2009, Raleigh’s dominant land use was low-density single-family 

residential land use, occupying 34% of the city’s land area. In 2009, Raleigh had the 

potential to grow approximately 67 square miles based on annexation agreements (City of 

Raleigh Department of City Planning, n.d.). Raleigh’s historical population growth and 

recent land development trend of low density development is important because it may 

have future implications for the frequency, intensity, and spatial location of flooding 

events. 

Geography and Climate 

Geographically, North Carolina is composed of three distinct regions moving 

from east to west: 1) the Coastal Plain, 2) the Piedmont, and 3) the Mountains. Raleigh is 

located in the eastern part of the Piedmont region. The Piedmont region is characterized 

by forested rolling hills (The land: Natural diversity, n.d.). Crabtree Creek, Walnut Creek, 

Neuse River, and tributaries of Falls Lake and Swift Creek flow through Raleigh. The 

five watersheds which are named after these water bodies all eventually drain into the 

upper Neuse River (Figure 4) (Upper Neuse watershed, n.d.; GIS Spatial Analysis). 
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Figure 4: Raleigh’s Hydrological Features. 

Raleigh has a mild year-round climate with an average annual high temperature 

and low temperature of 70.7
 o

 F and 49.9
 o

 F, respectively. Raleigh’s average annual 

rainfall is 44.19 inches (Raleigh demographics, n.d.). 
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FLOODING HISTORY AND EXTENT 

General Flooding History and Extent 

Because Raleigh is geographically located on a plateau, Raleigh does not 

experience as frequent and severe flooding as other places in the United States. However, 

flooding is still an issue in Raleigh (Adams, 2013). Raleigh’s largest floodplains are 

found within the Neuse River, Crabtree Creek, and Walnut Creek watersheds. Flooding 

in these floodplains is usually caused by large storms or hurricanes (City of Raleigh 

Department of City Planning, n.d.). Between 2000 and 2012, precipitation events on 49 

days led to flood conditions according to the NCDC (Appendix E). Although creek water 

levels during these 49 days did not all necessarily reach a “flood stage” level, these flood 

events prevented access to infrastructure, such as roads, and personal property, such as 

vehicles and residences. Common reported impacts of these flood conditions included 

street closures and flooded vehicles. Although less common, residences and businesses 

had to be evacuated during some precipitation events (Appendix E). According to the 

National Weather Service (NWS), creek water levels are considered to have reached a 

“flood stage” level when the creek water level reaches 18 feet. Unfortunately, reliable 

data concerning precipitation events which have produced flood conditions at specific 

locations prior to 2000 are not available. However, the four highest recorded water levels 

at the eight USGS gage stations in Raleigh are available. Figure 4 and Table 2 present the 

location and the four highest recorded water levels at these stations, respectively. Out of 

these eight gage stations, water levels at only three gage stations have ever reached a 

“flood stage” according to the NWS (highlighted in red in Table 2). These three gage 

stations are all located on Crabtree Creek whose surrounding area has been identified as 

Raleigh’s most flood-prone area. Despite the fact that water levels at most of these eight 

USGS gage stations have never reached a “flood stage” according to the NWS, these 
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highest recorded water levels are still important to document because the surrounding 

areas may not be prepared to handle these increased water levels. 

 
Figure 4 

ID 

Location Flood Date (Water Level) 

A Neuse River near the Falls Lake Dam  9/16/1996 

(8.05 ft) 

3/29/1998 

(6.73 ft) 

3/8/1993 

(6.26 ft) 

10/14/1999 

(5.98 ft) 

B Crabtree Creek at Ebenezer Church Rd 9/6/1996 

(22.40 ft) 

6/14/2006 

(22.30 ft) 

9/16/1999 

(19.78 ft) 

10/11/2002 

(17.20 ft) 

C Crabtree Creek at HWY 70 6/29/1973 

(27.69 ft) 

9/6/1996 

(27.28 ft) 

6/14/2006 

(23.77 ft) 

9/16/1999 

(21.50 ft) 

D Crabtree Creek at US 1 9/6/1996 

(18.23 ft) 

6/29/1973 

(17.98 ft) 

6/14/2006 

(16.93 ft) 

9/16/1999 

(16.88 ft) 

E Pigeon House Creek at Cameron Village 8/21/1999 

(8.23 ft) 

7/29/2003 

(8.11 ft) 

7/15/2000 

(7.16 ft) 

7/22/1997 

(6.87 ft) 

F Marsh Creek near New Hope Rd 9/6/1996 

(13.33 ft) 

8/27/1995 

(12.8 ft) 

6/14/2006 

(12.35 ft) 

10/11/2002 

(11.83 ft) 

G Rocky Branch below Pullen Dr 7/24/1997 

(9.23 ft) 

7/29/2003 

(9.22 ft) 

8/21/1999 

(8.62 ft) 

6/16/2001 

(8.48 ft) 

H Walnut Creek at Sunnybrook Dr 9/6/1996 

(17.03 ft) 

6/14/2006 

(15.14 ft) 

9/16/1999 

(13.93 ft) 

6/16/2009 

(12.02 ft) 

Table 2: Four Highest Recorded Water Levels at USGS Gage Stations in Raleigh 

(U.S. Geological Survey, n.d.). 

Crabtree Creek 

Crabtree Creek, specifically near Glenwood Avenue/HWY 70, has been identified 

as the most flood-prone area in Raleigh (Adams, 2013; Bowden, 2013). According to 

Mark Senior, an engineer with the city of Raleigh, “if nothing in Raleigh was developed, 

Crabtree Creek would still flood… The creeks are going to come out of their banks. It’s 

exacerbated by people building in places where the water wants to go” (Eisley, 2006). 

Crabtree Valley Mall, an enclosed two-story shopping mall wedged between Crabtree 

Creek and Glenwood Avenue/HWY 70, has been particularly impacted by flooding in 

Crabtree Creek (Figure 5). According to Shaun Adams, a flood insurance agent in 

Raleigh, Crabtree Creek typically floods every two to three years. Specifically between 

2000 and 2012, flooding in the surrounding areas of Crabtree Creek has been reported six 
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times (Appendix E). Although this mall generates millions of dollars in property taxes for 

the city of Raleigh and Wake County each year, flooding of the mall and the surrounding 

areas has resulted in costly losses of vehicles and merchandise and repeated public 

emergency responses (Eisley, 2006).  

Since Crabtree Valley Mall’s opening in 1972, it has been no surprise that the 

creek, the mall, the mall’s parking lot, and the surrounding streets, such as Creedmore 

Road, have flooded numerous times due to the fact that the mall was built in a creek-side 

pasture which was historically known to flood (Eisley, 2006; Appendix E). The location 

and large amount of impervious surface of the mall as well as the expansion of the mall’s 

parking lot over the years has most likely contributed to or exacerbated Crabtree Creek’s 

flood frequency. As shown in Figure 5, Crabtree Valley Mall and its parking lot are 

located completely within the floodplain.  

The floodplain is composed of five flood zones: 1) Zone A, 2) Zone AE, 3) Zone 

AEFW, 4) Zone Shaded X, and 5) the 500-year floodplain. Zones A, AE, AEFW and 

Shaded X are geographic areas which FEMA delineates based on flood risk. Zones A, 

AE, and AEFW are high-risk zones and are cumulatively defined as the 100-year 

floodplain or the area which has a 1% or greater annual chance of flooding. These zones 

are also cumulatively known as the SFHA (Flood zones, 2012). Under the NFIP, property 

owners within these zones are required to purchase flood insurance if the owner has a 

mortgage through a federally regulated or insured lender (Understanding the basics: 

Flood insurance, 2013). Crabtree Valley Mall and its parking lot reside completely within 

the SFHA. Zone AEFW is defined as the floodway. The floodway is the portion of the 

SFHA which must be reserved in order to discharge the 100-year flood without 

increasing the water surface elevation (NC Department of Crime Control and Public 

Safety, 2008). As will be discussed later, floodplain development regulations typically 
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restrict most development in the floodway. When the mall and the surrounding areas 

were originally developed, the city of Raleigh had not yet adopted floodplain 

development standards (Bishop, 2006). However, even after floodplain development 

standards were adopted by the city, the mall was allowed to continue to expand (Eisley, 

2006). Therefore, there is no surprise that Crabtree Valley Mall and its parking lot flood 

as frequently as it does. 

 



 29 

 

Figure 5: Crabtree Valley Mall and Surrounding Floodplain (GIS Spatial Analysis). 

Crabtree Valley Mall and its parking lot even flooded twice in the year following 

the mall’s opening in 1972 (Eisley, 2006; Illustration 1). During one of these flood events 

on June 29, 1973, Crabtree Creek near Crabtree Valley Mall rose to 27.69 feet, the 

highest recorded water level of Crabtree Creek to date (U.S. Geological Survey, n.d.). 
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Illustration 1: Parking Lot of Crabtree Valley Mall during 1973 Flood (Flooding of 

Crabtree Creek affects Crabtree Valley Mall, n.d.). 

The second highest recorded water level of Crabtree Creek near Crabtree Valley 

Mall occurred on September 9, 1996, during the category 3 Hurricane Fran, when the 

Creek reached 27.28 feet (U.S. Geological Survey, n.d.). As a result of the creek’s high 

water levels, the ground floor of Crabtree Valley Mall flooded with 1 foot of water, 

affecting approximately 75 stores. It was also reported that snakes were found swimming 

in the flood waters inside the mall alongside floating merchandise (Renaissance 

Computing Institute at East Carolina University, 2012; Zolkos et al., 1996). 

On June 14, 2006, during Tropical Storm Alberto, the third highest recorded 

water level, 23.77 feet, of Crabtree Creek near Crabtree Valley Mall occurred (U.S. 

Geological Survey, n.d.). In general, the Raleigh area had not experienced as such severe 

flooding conditions since Hurricane Fran. During Tropical Storm Alberto, flood waters 

filled the mall’s parking lot and left 14 individuals trapped inside the mall (Illustrations 2 

and 3). Six stores inside the mall suffered extensive water damage. Inside a nearby 
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Subway restaurant, flood waters filled the restaurant with three feet of water, knocked out 

power, and ruined about $9,000 worth of food (Eisley, 2006). At a nearby bank at the 

intersection of Creedmore Rd and Glenwood Ave, Wake County emergency workers 

rescued 13 individuals via boats from their office. Additionally, 90 children had to be 

evacuated from a nearby day-care center (Bartlet, 2006; Lewis, 2006; WRAL, 2006). 

Crabtree Creek’s high water levels also affected a nearby Burger King, gas stations and 

dozens of other buildings (Eisley, 2006). A few miles downstream from where Crabtree 

Valley Mall is located, the Grove Park Apartments at 2609 McNeill St, were also 

impacted by rising water levels in Crabtree Creek. During this tropical storm, 40 

individuals had to be rescued from this apartment complex and most of the complex’s 65 

units had water damage resulting in a clean-up expected to cost thousands of dollars 

(Moton, 2006; WRAL, 2006). 

 

 

Illustration 2: Intersection of Creedmore Rd and Glenwood Ave/HWY 70 near 

Crabtree Valley Mall during Tropical Storm Alberto (North Carolina 

Department of Transportation, n.d.). 
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Illustration 3: Crabtree Valley Mall Parking Garage during Tropical Storm Alberto 

([Crabtree Valley Mall parking lot], 2006). 

 

Illustration 4: Gas Station near Crabtree Valley Mall during Tropical Storm Alberto 

(Hyman, 2006). 

Other Flood-Prone Areas 

The area surrounding the Pigeon House Branch, a tributary of Crabtree Creek, 

near Capital Blvd is another flood-prone area in Raleigh (Bowden, 2013; Figure 6). 

Although water levels in the Pigeon House Branch have never reached a “flood stage” 

level according to the NWS, elevated water levels in the branch and potential 

infrastructure and property damage from these levels are a concern to Raleigh. The city is 
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currently in the process of acquiring and demolishing properties within this flood-prone 

area or “island” wedged between the split north-bound and south-bound Capital Blvd 

with plans to convert the area to a park. Most recently, the city’s SUD partnered with the 

Trust for Public Land to acquire a property with a bowling alley at 1827 Capital Blvd, 

located next to the Pigeon House Branch (Figure 6). In April 2013, this property was 

purchased for $1 million and demolished. The city plans to convert this property to a park 

through restoring the area to more natural conditions in order to alleviate the flood risk 

and alleviate the potential for property damages. An access bridge across the Branch near 

the property which has frequently flooded will also be removed (Illustration 5; 1827 

Capital Blvd. property acquisition, n.d.; Chou, 2013; Owens, 2006). 
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Figure 6: Pigeon House Branch and Surrounding Floodplain (GIS Spatial Analysis). 
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Illustration 5: Access Bridge across Pigeon House Branch behind Bowling Alley (1827 

Capital Blvd. property acquisition, n.d.). 

Raleigh has completed and is also currently pursuing capital improvement 

projects at several other sites throughout the city which have a history of localized street 

and structural flooding. These locations include (Stormwater utility capital improvement 

program, 2013): 

 Audobon Dr 

 Beaverdam Creek 

 Brecken Ridge Ave 

 Brockton Dam 

 Favorwood Ct 

 Grist Mill Rd (Illustration 6) 

 Harps Mill Rd 

 Haymarket Ln 

 Knights Way 

 Downstream of Northshore Lake 
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 Rainwood Ln (Illustration 7) 

 Simmons Branch 

 Tanbark Way 

 Harps Mills Rd 

 Woodlea Dr 

 

Illustration 6: Flooding of Street at Grist Mill Rd (Stormwater utility capital 

improvement program, 2013). 

 

Illustration 7: Flooding of Street at Rainwood Ln (Stormwater utility capital 

improvement program, 2013). 
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CURRENT STATE OF THE FLOODPLAIN 

Approximately 9.2% of the area in the city and ETJ of Raleigh is considered the 

floodplain. As discussed earlier, the floodplain is composed of five flood zones: 1) Zone 

A, 2) Zone AE, 3) Zone AEFW, 4) Zone Shaded X, and 5) the 500-year floodplain. Zone 

Shaded X, which was not described earlier, is a moderate-risk zone and is defined as the 

area between the 100-year floodplain and the 500-year floodplain. Although property 

owners who have a mortgage through a federally regulated or insured lender are not 

mandated to purchase flood insurance in zone Shaded X, flood insurance is available to 

all property owners in zone Shaded X (NC Department of Crime Control and Public 

Safety, 2008).The 500-year floodplain is the area which has a 0.2% or greater annual 

chance of flooding. Table 3 presents the area in the city and ETJ of Raleigh which lies in 

these five flood zones. 

 

Flood Zone Area (Square Miles) 

AEFW 6.46 

A 0.13 

AE 8.15 

Shaded X 1.71 

500-year Floodplain 0.27 

Total 16.71 

Table 3: Raleigh Area in Flood Zones (GIS Spatial Analysis). 

Currently, there are 2,908 buildings in the city and ETJ of Raleigh which are 

completely or partially within the floodplain (Table 4). A majority of these buildings are 

on property which is zoned by the city of Raleigh as low-density residential. 
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Zoning Type Number of Buildings in Floodplain 

Unknown 3 

High-Density Residential 26 

Residential 33 

Conservation 

Management 

44 

Office & Institutional 78 

Manufactured Housing 110 

Commercial 128 

Thoroughfare District 253 

Industrial 337 

Medium-Density 

Residential 

509 

Low-Density Residential 1,387 

Total 2,908 

Table 4: Buildings in Floodplain by Zoning Type (GIS Spatial Analysis). 

A majority of the building area in the SFHA is on properties which are zoned by 

the city of Raleigh as commercial, industrial, and low-density residential. Industrial, 

commercial, and low-density residential building area account for 35.5%, 25.5%, and 

16.0%, respectively, of the total building area in flood zone AEFW. Commercial, 

industrial, and low-density residential building area account for 52.4%, 35.1%, and 

12.5%, respectively, of the total building area in flood zone A. Industrial, commercial, 

and low-density residential building area account for 30.6%, 28.2%, and 18.9%, 

respectively, of the total building area in flood zone AE (Table 5). 
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 Building Area in Flood Zone (Square Feet)  

Zoning Type AEFW A AE Shaded X 500-Year Floodplain Total 

Commercial 109,656 26,328 1,476,139 105,713 5,297 1,723,133 

Conservation Management 2,012 0 12,204 14,853 58 29,127 

High-density residential 1,864 0 63,185 49,495 81 114,625 

Industrial 152,453 17,610 1,600,819 2,222,826 7,316 4,001,024 

Low-density residential 67,020 6,274 985,608 577,808 50,971 1,687,681 

Manufactured Housing 725 0 30,232 23,646 6,536 61,139 

Medium-density residential 30,936 0 456,296 304,654 12,964 804,850 

Office & Institutional 12,176 0 204,229 162,482 200 379,087 

Residential 1,143 0 14,959 15,008 788 31,898 

Thoroughfare District 9,495 0 324,888 346,166 33,102 713,651 

Unknown 42,184 0 57,779 0 0 99,963 

Total 429,665 50,212 5,226,339 3,822,652 117,312 9,528,868 

Table 5: Building Area in Floodplain by Zoning Type (GIS Spatial Analysis).
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Chapter 4:  Current State of Floodplain Management in Raleigh, NC 

FLOODPLAIN MANAGEMENT PROGRAM OVERVIEW 

Raleigh’s current floodplain management program primarily strives to: 1) reduce 

flood damage, 2) keep future development out of the floodplain, and 3) preserve natural 

areas (Bowden, 2013). The SUD of Raleigh’s Public Works Department is responsible 

for the city’s floodplain management program. More specifically, SUD implements 

programs which “work to address critical flooding and erosion issues that impact streets 

and private properties” (Public works department, n.d.). There are four sections of the 

SUD which are specifically responsible for some aspect of floodplain management in 

Raleigh: 1) Stormwater Infrastructure Projects 2) Stormwater Mapping, 3) Stormwater 

Engineering, and 4) Stormwater Inspections. All programs in the SUD are funded by the 

city’s stormwater utility fee (Public works department, n.d.).  

The Stormwater Infrastructure Projects section is responsible for the design and 

implementation of capital improvement projects related to stormwater. The Stormwater 

Mapping section maps and locates stormwater “structures” (i.e., rivers, streams, inlets, 

underground pipes and drainage ways) in the city (Stormwater mapping and inventory, 

n.d.). The Stormwater Engineering section is responsible for reviewing and ensuring that 

development plans are in compliance with city, state, and federal floodplain regulations. 

This section also helps property owners and developers determine if their properties are 

impacted by floodplain regulations. Lastly, the Stormwater Inspections section is 

responsible for the enforcement of floodplain regulations, stormwater control, and 

watercourse buffer regulations (Public works department, n.d.). 
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FLOOD RISK REDUCTION AND PREPAREDNESS STRATEGIES 

Preventative Strategies 

The city of Raleigh applies development regulations to four types of floodplains: 

1) the non-encroachment area, 2) the floodway, 3) the floodway fringe, and 4) the future 

conditions flood hazards areas. Figure 7 presents the location of the floodway and the 

floodway fringe relative to a stream channel. The non-encroachment area typically 

resides within the floodway, whereas the future conditions flood hazard area extends 

outside of the floodway fringe. These four types of floodplains will be defined in detail in 

subsequent sections. 

 

Figure 7: 100-Year Floodplain (NC Department of Crime Control and Public Safety, 

2008). 

In defining these four floodplains, there are two types of floods which will be 

referenced: 1) the base flood, and 2) the future conditions flood. The base flood is the 

100-year flood (i.e., the flood having 1% change of being equaled or exceeded in any 

given year) under land use conditions at the time of the FEMA study.  The future 
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conditions flood is the 100-year flood (i.e., the flood having 1% change of being equaled 

or exceeded in any given year) under “future conditions hydrology.” Future conditions 

hydrology is specifically estimated based on projected land-use conditions from the city’s 

zoning maps and future land use maps (City of Raleigh, n.d., Code of ordinances). The 

future conditions flood may span a greater area and reach a greater height than the base 

flood. As a watershed is urbanized, newly created impervious surfaces will increase 

storm water runoff. This increased stormwater runoff may lead to a spatially larger and 

higher 100-year flood. Therefore, development which is permitted under the base flood 

may flood in the future (Stormwater management plan, n.d.). Raleigh’s enforcement of 

development regulations which are based on the future conditions flood (i.e., the 100-

year flood of the future) are thus, preventative strategies to reducing flood risk. 

Non-Encroachment Area & Floodway 

The city of Raleigh applies the strictest development regulations to the non-

encroachment area and floodway since these areas pose the greatest flood risk (i.e., are 

closest to the stream channel). The non-encroachment area is the portion of the SFHA 

which “must be reserved in order to discharge the base flood (i.e., the 100-year flood) 

without cumulatively increasing the water surface elevation for the future conditions 

flood more than 1 foot” (City of Raleigh, n.d., Code of ordinances). The floodway is 

defined as the portion of the SFHA which is “necessary to carry and discharge the waters 

of the base flood without increasing the water surface elevation of that flood more than 

one foot at any point” (City of Raleigh, n.d., Code of ordinances).  

Specific land uses which are prohibited in the non-encroachment area and 

floodway include chemical storage facilities, new solid waste disposal facilities, new 

hazardous waste management facilities, and new salvage yards. New construction, 
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substantial improvements, fill, manufactured homes, and other development are also 

prohibited if these encroachments (City of Raleigh, n.d., Code of ordinances): 

1. Adversely affect the capacity of channels in the floodway and non-encroachment 

areas or drainage facilities, 

2. would redirect the velocities of water of the base flood or future conditions flood 

onto adjacent properties, OR 

3. would increase the flood levels of the base flood or future conditions flood 

However, there are several land uses or structures which are allowed in the non-

encroachment area and floodway. In general, any land use “not employing a structure and 

not subject to floating away during a flood” is allowed (City of Raleigh, n.d., Code of 

ordinances). If a specific land use includes a structure, then all parts of the structure must 

be located outside of the floodway and non-encroachment area. If the structure overhangs 

the floodway or non-encroachment area, then the overhanging part of the structure must 

be elevated above the height of the 500-year flood. Specific land uses identified as 

allowable in the non-encroachment area and floodway by Raleigh’s development 

regulations include 1) general farming, pasture, outdoor plants or nurseries, forestry, and 

other similar agricultural wildlife and related uses, 2) lawns, yards, gardens, parking 

areas, and other similar uses, and 3) golf courses, tennis courts, parks, greenways, open 

space, and other similar private and public recreational uses (City of Raleigh, n.d., Code 

of ordinances). 

Floodway Fringe & Future Conditions Flood Hazard Area 

The floodway fringe and future conditions flood hazard area are located outside of 

the non-encroachment area and floodway. Therefore, development regulations for these 

two areas are not as strict as those regulations for the non-encroachment area and 
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floodway. The floodway fringe is the portion of the floodplain which is outside of the 

floodway, but is the area which would be flooded by the base flood. Therefore, the 

floodway fringe is part of the 100-year floodplain or the SFHA. The future conditions 

hazard area is the area which would be flooded by the future conditions flood (City of 

Raleigh, n.d., Code of ordinances). The NFIP only mandates specific management 

regulations inside the SFHA (Special flood hazard area, 2012). Because Raleigh’s 

development regulations extend outside of the SFHA, Raleigh’s development regulations 

exceed the NFIP’s standard management regulations. 

Development regulations in the future conditions flood hazard area and floodway 

fringe are categorized by uses which are permitted below and above the regulatory flood 

protection elevation. The regulatory flood protection elevation is the water level of the 

future conditions flood plus two feet (City of Raleigh, n.d., Code of ordinances). Below 

the regulatory flood protection elevation, all uses which are allowed in the non-

encroachment area and floodway are allowed. Underground storage and structure 

foundations and supports are also allowed as long as these structures are watertight and 

designed to withstand the base flood or future conditions flood. For any buildings 

constructed on fill where the lowest floor of the building is above the regulatory flood 

protection elevation, the fill cannot be more than one foot lower than the regulatory flood 

protection elevation. Also, the fill must extend at least 15 feet in all directions beyond 

where the building is placed on the fill (City of Raleigh, n.d., Code of ordinances). 

Additionally, for properties within the floodway fringe and future conditions 

flood hazard area, only 50% of the portion of the property within the floodway fringe and 

future conditions flood hazard area can have fill or buildings located on it. Ground level 

loading areas, parking area, and other similar ground level uses are permitted in the 

remaining 50%. Specific land uses which are prohibited in the floodway fringe and future 
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conditions flood hazard area include chemical storage facilities, new solid waste disposal 

facilities, new hazardous waste management facilities, and new salvage yards (City of 

Raleigh, n.d., Code of ordinances). 

Corrective Strategies 

Raleigh has been able to acquire and demolish properties which are identified as 

priority areas for flood mitigation through the SUD’s capital improvement program. The 

city of Raleigh is currently in the process of acquiring and demolishing properties 

wedged between the split north-bound and south-bound Capital Blvd near Pigeon House 

Branch (Figure 6). This “island”, which contains approximately twelve businesses, is 

completely within the floodplain and is known to flood frequently. As part of a plan to 

transform Capital Blvd to an “attractive gateway to downtown” Raleigh which is more 

bicycle and pedestrian friendly, the city wants to convert this area into North Boulevard 

Park which would eventually provide a connection between the Crabtree Creek greenway 

and downtown (Campbell, 2013; Chou, 2013). The city plans to acquire these properties 

and restore the Pigeon House Branch over the next 5-10 years (WRAL, 2013). 

The SUD has already acquired and demolished the bowling alley within this 

flood-prone area. In late February, the city council approved the acceptance of $1.47 

million in state and federal grant money to acquire and demolish a motel located in this 

area. High water levels from the Pigeon House Branch have flooded this one-story motel 

in the past, damaging guests’ belongings and the motel’s furniture. Fortunately for the 

city, other business owners in this “island” are open to the city acquiring their properties. 

The city plans to continue to acquire and demolish properties within this area through 

state or federal grant money. However, according to Councilman Randy Stagner, without 

state or federal grant money, the estimated $10.7 million price-tag of acquiring all of the 
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properties within this island might halt the project due to insufficient funding resources 

from the city (Campbell, 2013). 

The city of Raleigh is also currently in the process of acquiring and demolishing 

four apartment buildings of the Grove Park Apartment complex. This apartment complex 

is located downstream from where Crabtree Valley Mall is located and has historically 

suffered from flood damage from Crabtree Creek. After the buildings are demolished, the 

area will be converted to open space. This $1.8 million project is being funded by a 

FEMA grant and the city’s SUD, with 75% of the project’s cost covered by the FEMA 

grant (Garfield, 2011). 

Planning Strategies 

In 2009, the Wake County Hazard Mitigation Plan was released. Overall, this 

plan provides guidance to Wake County, the city of Raleigh, and other municipalities 

within Wake County in terms of reducing risks to hazards, such as flooding, through 

recommended mitigation strategies. The plan: 1) identifies and assesses the county’s risk 

to natural hazards, 2) assesses the vulnerability of the county to these hazards, 3) assesses 

the county’s capability to mitigate impacts from these hazards, 4) identifies 

recommended mitigation strategies, and 5) outlines how the mitigation strategies should 

be implemented (Wake County Emergency Management, 2012).    

The plan proposes a total of 45 mitigation strategies which specifically address 

flooding. Each of these strategies has been classified into one or more than one of six 

mitigation categories. Table 6 summarizes the number of flood mitigation strategies 

which fall into these mitigation categories. For each strategy, the responsible agency 

responsible for implementation, potential funding sources, the target completion date, and 

the priority of the strategy are identified (Wake County Emergency Management, 2012). 
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Mitigation category Number of strategies 

which address floods 

Number of flood strategies 

with high priority 

Preventative 18 12 

Property Protection 2 0 

Natural Resource 

Protection 

5 2 

Emergency Services 3 3 

Structural Projects 4 4 

Public Information 

Activities 

13 5 

Total 45 26 

Table 6: Wake County’s Flood Mitigation Strategies (Wake County Emergency 

Management, 2012). 

Structural Strategies 

Raleigh’s floodplain management program includes several smaller structural 

projects through the SUD’s capital improvement program. The purpose of this program is 

primarily to improve drainage systems. However, goals of this program’s current projects 

include reducing the potential, frequency and severity of flooding in structures, on 

roadways, and in yards. Therefore, in addition to improving drainage systems, these 

projects strive to reduce flood risk. Past and current smaller structural projects within the 

program include replacing and improving bridges and culverts, repairing stream banks, 

and improving dams and storm drainage systems. Through this program, approximately 

125 projects costing $31 million have been completed since 2004 (City of Raleigh, 

2012).  

This program is funded by the city of Raleigh’s Stormwater Utility Fee. Because 

this fee is based on the amount of impervious surface on the city’s residential and 

commercial properties, this fee provides a stable revenue source for addressing flooding 

caused by stormwater runoff (City of Raleigh, 2012). 
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In terms of larger structural projects, the city of Raleigh does not have any levees. 

Wake County currently has 370 regulated dams (Wake County Emergency Management, 

2012). The proportion of these dams which are located within Raleigh is unknown at this 

point. However, in the 1970s and 1980s, in an effort to control flood water levels in 

Crabtree Creek, several dams and lakes were constructed along the creek. As part of the 

Crabtree Creek Flood Control Project, Shelley Lake and Lake Crabtree were constructed 

(Ovaska, 2007). 

Warning Strategies 

The city of Raleigh currently has 18 flood warning sirens. These sirens were 

originally installed in the mid-1980s and are located along Swift Creek below the Lake 

Wheeler and Lake Benson dams and along Walnut Creek below the Lake Johnson and 

Lake Raleigh dams. These sirens are operated only when severe precipitation events have 

the potential to endanger the dams (Staff Reports, 2005). 

STRATEGY EFFECTIVENESS 

Most of the flooding issues experienced in Raleigh are in areas which were 

developed before the city adopted floodplain development regulations (Bishop, 2006). 

Crabtree Valley Mall, for example, opened in 1972, whereas Raleigh’s floodplain 

ordinance became effective in 1973-4 (Bowden, 2013; Eisley, 2006). The fact that the 

most flood-prone areas in Raleigh were developed prior to the adoption of floodplain 

development regulations, however, provide evidence of the effectiveness which Raleigh’s 

preventative strategies, like floodplain development regulations, have had on “new” 

development (i.e., post 1970s). According to Danny Bowden, the program manager of the 

Raleigh’s SUD, the city’s floodplain development regulations have really reduced the 

flood risk in smaller streams and therefore, have specifically prevented the flooding of 
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residential structures. Compared to other floodplain management strategies used by the 

city, most of the “structure flooding” protection is provided through the city’s floodplain 

development regulations (Bowden, 2013). 

If Crabtree Valley Mall was constructed today, the mall would look very different 

under the city’s current floodplain development regulations. The mall would be elevated 

with no first floor and approximately half of its current size (Buscher, 2006). Although 

floodplain development regulations had not been adopted when Crabtree Valley Mall was 

originally developed, the mall and its parking lot have been allowed to continue to 

expand over the years, only exacerbating flood conditions (Eisley, 2006). Structural 

strategies for reducing flood risk, such as the Crabtree Creek Flood Control Project which 

created several dams and lakes, have not eliminated floodwaters from the creek in this 

area (Ovaska, 2007). Additionally, no warning strategies, such as flood warning sirens, 

are located in the area.  Yet, there have been several flooding instances where individuals 

have been rescued from buildings near Crabtree Creek and vehicles have been stranded.  

Despite the ineffectiveness of these strategies in reducing flood risk and 

increasing flood preparedness, it is surprising that this area which has been defined as 

Raleigh’s most flood-prone area has become a target for future development. This area in 

general has been identified by Raleigh’s 2030 Comprehensive Plan as a future “city focus 

area” with intense development (Shaffer, 2005). In spite of Crabtree Creek’s frequent 

flooding, why does the city and developers continue to be interested in the future 

development of the area?  

Critiques of proposed development projects in the Crabtree Creek area, such as 

the “Soleil Center”, argue that “people [are] disregarding nature to make money” (Eisley, 

2006). The “Soleil Center” is a 42-story hotel and condominium complex which was 

approved by the Raleigh Planning Commission and City Council in 2005. This building 
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would have been Raleigh’s first suburban skyscraper and would replace an old hotel 

located near the intersection of Creedmore Rd and Glenwood Ave/HWY 70 across the 

street from Crabtree Valley Mall. Although the Soleil Center project was pushed back 

due to the economic recession and ended up foreclosing, much controversy was 

generated around its’ location in such a frequently flooded area. The building was 

originally planned to have been elevated on concrete stilts with a parking garage on the 

first six floors. Critiques of the project have argued that hotel guests and residents would 

still be at risk when the area floods. According to Mark Senior, a stormwater engineer 

with the city of Raleigh, boats would have to be sent in to rescue stranded individuals at 

the Soleil Center. After Hurricane Fran in 1996, individuals were stranded in the old hotel 

located at the very same site as the proposed Soleil Center. However, development in the 

floodplain still makes money and therefore, the city has allowed the Crabtree Creek area 

to continue to develop. In the words of Bob Mulder, a former Planning Commission 

chairman, “People have known for years that you shouldn’t build in flood plains… the 

powers that be in Raleigh just don’t have the stomach to say we’re not going to do it 

anymore… we don’t learn from history, that’s for sure” (Eisley, 2006). 

The financial impact of Crabtree Valley Mall and surrounding development for 

Raleigh and Wake County is one reason why corrective strategies for reducing flood risk 

and increasing preparedness, such as building acquisition and demolition, have not been 

pursued in the area. Every year, Crabtree Valley Mall is visited by 10 million shoppers 

and generates millions in property tax revenue for Raleigh and Wake County. (Buscher, 

2006; Eisley, 2006). Additionally, the city may not have adequate funds to acquire such a 

large property.  

However, the city has successfully applied corrective strategies in other high 

flood-prone areas in Raleigh. The acquisition and demolition of the Grove Park 
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Apartments at Crabtree Creek and Capital Blvd property at Pigeon House Branch will 

effectively eliminate the flood risk to apartment residents and businesses through the 

conversion of these properties to open space.  

Lastly, although the placement of warning sirens near dams are a good warning 

strategy for nearby residents, it is surprising that no warning sirens are located in the most 

flood-prone areas of Raleigh, the areas surrounding Crabtree Creek and Pigeon House 

Branch. 
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Chapter 5:  Floodplain Management in Tulsa, OK 

COMMUNITY PROFILE 

Population Growth 

The city of Tulsa is located in northeastern Oklahoma and was established in 

1898. In 2010, the city’s population was 391,906 individuals with a population density of 

1,991.9 individuals per square mile (Tulsa (city) quickfacts from the U.S. Census Bureau, 

2013). Tulsa’s population growth over the past century is presented in Figure 8. In 1907, 

when Oklahoma became a state, Tulsa’s population was just 7,298. However, by 1920, 

Tulsa’s population had grown to 72,000. Tulsa’s rapid population growth during the early 

20
th

 century can be attributed to the discovery of oil in the area. Tulsa continued to 

experience population growth and economic prosperity until the early 1980s. However, 

the oil bust in the mid-1980s hurt Tulsa’s economy, which could explain Tulsa’s slower 

population growth rate over the past 30 years (City of Tulsa, 2009). 
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Figure 8: Tulsa, OK Population: 1910-2010 (U.S. Census Bureau, n.d.; Tulsa (city) 

quickfacts from the U.S. Census Bureau, 2013). 

Geography and Climate 

Although a majority of the city today resides in Tulsa County, the city does span 

Osage, Rogers, Tulsa and Wagoner counties. In 2010, the city occupied 196.75 square 

miles of land (Tulsa (city) quickfacts from the U.S. Census Bureau, 2013). 

Geographically, Tulsa is located between the Great Plans and the Ozark Mountains. The 

city’s landscape is generally a forested region of rolling hills.  The Arkansas River runs 

through the middle of the city and is controlled by upstream flood control reservoirs. The 

city contains 56 creeks and watersheds which all drain into the Arkansas River or a 

tributary to the Verdigris River (City of Tulsa, 2009). 

Tulsa has a temperate climate with an average annual temperature of 61
o
 F and an 

average annual rainfall of 39 inches. Although Tulsa’s average rainfall is 39 inches/ year, 

thunderstorms passing through Tulsa have generated more than 1/2 the annual rainfall in 
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just a few hours. Tulsa usually experiences the most severe thunderstorms and thus, the 

largest amount of rainfall primarily in the spring and early summer (City of Tulsa, 2009). 

RALEIGH’S INTEREST IN STUDYING TULSA’S FLOODPLAIN MANAGEMENT PROGRAM 

Tulsa’s floodplain management program is of interest to Raleigh because of 

Tulsa’s CRS program classification and watershed approach to floodplain management 

(City of Raleigh Department of City Planning, n.d.). Tulsa has participated in the CRS 

program since 1991 and is currently classified at a higher status than Raleigh’s class 7 

status. Tulsa has been nationally recognized as having one of the best floodplain 

management programs in the nation (Federal Emergency Management Agency, 2000). 

Since October of 2003, Tulsa has been classified as a class 2 community and thereby, the 

city’s SFHA and Non-SFHA properties receive a 40% and 10% flood insurance discount, 

respectively. It is currently one of only three communities with a class 2 status. (Federal 

Emergency Management Agency, 2012).  

According to Bill Robison, the city’s lead engineer in the Stormwater Project 

Coordination section, Tulsa is expected to become a class 1 community under the next 

CRS program evaluation cycle. The CRS Coordinator’s Manual is currently being 

updated and is expected to be released at some point in 2013. This updated manual will 

include some changes to the required floodplain management strategies necessary to 

achieve specific CRS class statuses. This updated manual will delete a requirement for 

becoming a class 1 community which Tulsa has not been able to achieve and add new 

requirements for becoming a class 1 community which Tulsa will be able to implement 

(Robison, 2013, [Telephone interview by the author]).     

The floodplain management program of Tulsa is also unique in that the city 

regulates floodplain development using a watershed approach. According to Raleigh’s 
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Comprehensive Plan, Raleigh “needs to adopt a watershed approach to stormwater 

management, flood reduction, and flood preparedness” (City of Raleigh Department of 

City Planning, n.d., 125). Tulsa’s floodplain development regulations apply to three areas 

which collectively are defined by the city as the 100-year floodplain or “regulatory 

floodplain.” Tulsa’s regulated floodplain is defined as the area which is subject to 

flooding from the 100-year flood “based on the full development of the watershed” (City 

of Tulsa, 2009; City of Tulsa, n.d. Tulsa code of ordinances). Therefore, the boundaries 

of this regulatory floodplain are greater than the boundaries of the 100-year floodplain or 

SFHA as defined by the NFIP. 

FLOODPLAIN MANAGEMENT OVERVIEW 

Tulsa’s floodplain management program has been praised by FEMA as one of the 

top floodplain management programs in the country. According to FEMA, “Tulsa has 

become one of the most progressive and far-sighted cities in the nation by promoting the 

protection of lives and property through the application of exemplary floodplain and 

stormwater management principles” (Patton, 1994, inside cover). Tulsa’s current 

floodplain management program is operated by the city’s Streets and Stormwater 

Department. The goals of the program include: 1) preventing new problems, 2) correcting 

existing problems, and 3) enhancing the community’s safety, environment, and quality of 

life. Main components of the program include floodplain development regulations and 

maps which are based on the full urbanization of the city’s watersheds and capital 

improvement programs which include structural, non-structural, and multi-objective 

projects. Watershed development permits are also required prior to any construction in 

the city. The city has also developed drainage plans for all of its watersheds, forming the 

“backbone of Tulsa’s stormwater management system”. The program contains an 
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education component through providing public information about Tulsa’s flood risk to its 

citizens to keep them aware and prepared (Stormwater management plan, n.d.). 

FLOOD RISK REDUCTION AND PREPAREDNESS STRATEGIES 

Preventative Strategies 

As a preventative policy, the city of Tulsa applies development regulations to 

what it defines as the “regulatory floodplain”. The regulatory floodplain is the area which 

is subject to flooding from the 100-year flood “based on the full development of the 

watershed where the contributing drainage area is forty (40) acres or more” (City of 

Tulsa, 2009; City of Tulsa, n.d., Tulsa code of ordinances). The regulatory floodplain is 

composed of three types of “100-year” floodplains: 1) the floodway, 2) the SFHA, and 3) 

the 100-year floodplain under fully urbanized watershed conditions (City of Tulsa, 2009; 

Figure 9). Floodways are defined as the portion of the SFHA of which “must be reserved 

in order to discharge the regulatory flood without cumulatively increasing the water 

surface elevation more than one (1) foot” (City of Tulsa, n.d., Tulsa code of ordinances). 

The NFIP mandates specific management regulations inside the SFHA (Special flood 

hazard area, 2012). Because Tulsa’s development regulations extend outside of the 

SFHA, Tulsa’s development regulations exceed the NFIP’s standard management 

regulations (Flood insurance, n.d.; Figure 9). 
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Figure 9: Tulsa’s Regulatory Floodplain (Patton, 1994). 

Regulatory Floodplain 

The following described development regulations apply to the regulatory 

floodplain, which also includes the SFHA and floodways. Development regulations for 

the regulatory floodplain are based on two items: 1) whether the structure is residential or 

non-residential, and 2) the 100-year flood floodplain under fully urbanized watershed 

conditions (City of Tulsa, n.d., Tulsa code of ordinances). The 100-year flood floodplain 

under fully urbanized watershed conditions may span a greater area and reach a greater 

height than the 100-year flood under current watershed conditions. As a watershed is 

urbanized, new impervious surface added may increase the quantity and velocity of 

stormwater runoff. This increased quantity and velocity of water may lead to a spatially 

larger and higher 100-year flood. Therefore, development which is permitted under the 

100-year flood under current watershed conditions may flood in the future (Stormwater 

management plan, n.d.). Tulsa’s enforcement of development regulations which are based 
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on the 100-year flood of the future (i.e., the 100-year flood floodplain under fully 

urbanized watershed conditions) are thus, preventative strategies to reducing flood risk. 

For new or substantially improved residential structures and manufactured homes, 

the lowest floor is required to be elevated at least one foot above the level of the 100-year 

flood floodplain under fully urbanized watershed conditions. Manufactured homes must 

also be elevated and anchored to prevent flotation, collapse or lateral movement during 

the 100-year flood floodplain under fully urbanized watershed conditions. Manufactured 

home parks and subdivisions must also have an evacuation plan with identified vehicle 

access and escape routes (City of Tulsa, n.d., Tulsa code of ordinances).  

For new or substantially improved non-residential structures, the lowest floor 

must be elevated at least one foot above the level of the 100-year flood floodplain under 

fully urbanized watershed conditions. Alternatively, the structure could be flood proofed 

so that the structure’s area below one foot above the level of the 100-year flood 

floodplain under fully urbanized watershed conditions is watertight (City of Tulsa, n.d., 

Tulsa code of ordinances).  

Regardless of the structure type, for all new construction and substantial 

improvements, for any fully enclosed areas below the lowest floor that may be subject to 

flooding, the area must be designed so that floodwaters are allowed to enter and exit. This 

movement of floodwater relieves exterior walls of the structure from unequalized 

hydrostatic flood forces. Unequalized hydrostatic flood force can cause walls to collapse 

and are often one of the main causes of flood damage (Hydrostatic forces, 2012). 

Furthermore, a floodplain watershed development permit (WDP) is also required for any 

development (i.e., building or redeveloping) or earth change (i.e., excavating, regarding, 

paving, landfilling, berming or diking) in any property within the regulatory floodplain 

(City of Tulsa, n.d., Tulsa code of ordinances). 
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SFHA 

The following described development regulations apply to the SFHA, which also 

includes floodways. There are six development restrictions which apply to the SFHA. 

First, new construction, substantial improvements, fill, and other development are 

prohibited in the floodway if these encroachments will cause an increase in the flood 

levels from the 100-year flood or from any flood which occurs more frequently. 

Furthermore, new construction, substantial improvements, fill, and other development are 

prohibited in the SFHA if these encroachments (City of Tulsa, n.d., Tulsa code of 

ordinances): 

1. adversely affect the capacity of channels or floodways to carry the 100-year flood 

or any flood which occurs more frequently, 

2. would increase flood flows, flood heights or flood damage of off-site properties 

during a 100-year flood or any flood which occurs more frequently, 

3. would individually or cumulatively with existing and anticipated development 

increase flood levels or expose additional upstream, downstream or adjacent 

properties to adverse flood effects that would otherwise not be exposed to such 

effects during the 100-year flood or any flood which occurs more frequently, 

4. increase velocities or volumes of flood waters to the extent that significant erosion 

of flood plain soils would occur either on the subject property or on some other 

property upstream or downstream, OR 

5. do not provide compensatory storage for any measurable loss of flood storage 

capacity 

A floodplain WDP is also required for any development (i.e., building or 

redeveloping) or earth change (i.e., excavating, regarding, paving, landfilling, berming or 

diking) in any property within the SFHA (City of Tulsa, n.d., Tulsa code of ordinances). 
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Floodway 

Because floodways usually pose the greatest flood risk (i.e., are closest to the 

stream channel), Tulsa applies stricter development regulations in floodways (City of 

Tulsa, 2009). There are two development prohibitions which apply to the floodway. First, 

new construction, substantial improvements, fill, and other development are prohibited in 

the floodway if these encroachments will cause an increase in the flood levels from the 

100-year flood or from any flood which occurs more frequently. Secondly, locating 

manufactured homes within the floodway are prohibited unless these manufactured 

homes are placed in a legal pre-existing manufactured home park or subdivision. A 

floodway WDP is also required for any development (i.e., building or redeveloping) or 

earth change (i.e., excavating, regarding, paving, landfilling, berming or diking) in any 

property within the floodway (City of Tulsa, n.d., Tulsa code of ordinances). 

Corrective Strategies 

The city of Tulsa also acquires and relocates property in order to reduce the 

occupancy of exposed property in flood-hazard areas. In the 1980s, Tulsa had a very 

aggressive program for acquiring properties in the floodplain (Robison, 2013, [Telephone 

interview by the author]). One of Tulsa’s largest acquisition and relocation projects 

resulted after the city’s worst floods on Memorial Day in 1984. The 1984 Memorial Day 

flood resulted in 14 deaths, 288 injuries, damaged or destroyed 7,000 buildings, and left 

$180 million dollars in damages (in 1984 dollars) (Patton, 1994). With the help of 

disaster relief funds from the FEMA, 300 flooded single-family homes and a 228-pad 

mobile home park were relocated as a result of this flood (Freitag, 2009; Patton, 1994).  

From 1979-1994, Tulsa cleared more than 900 buildings from its floodplains 

(Patton, 1994). To date, Tulsa has bought over 1,000 properties in the Mingo Creek 

Basin, where damages were experienced the worse in the 1984 Memorial Day. Recent 
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acquisition and relocation projects have involved smaller amounts of properties (Robison, 

2013, [Telephone interview by the author]).  

Tulsa is also currently working on a repetitive loss property program. This 

program works in acquiring properties “for which two or more NFIP losses of at least 

$1,000 each have been paid within any 10-year period” as defined by FEMA (City of 

Tulsa, 2009). It has been about 10 to 12 years since the city has worked on acquiring 

properties defined as repetitive loss properties (Robison, 2013, [Telephone interview by 

the author]). Bill Robison, the city’s lead engineer in the Stormwater Project 

Coordination section, is currently working on this program. Robison plans to send a letter 

to the owners of these repetitive loss properties soon to see they are interested in having 

the city acquire these properties. However, Robison believes that property owners may 

not be interested in joining the program since Tulsa is currently in a drought and has 

experienced less frequent flooding. According to Robison, it may take another flood 

event to get these property owners truly interested in the program (Robison, 2013, 

[Telephone interview by the author]). 

Planning Strategies 

In August 2009, Tulsa released a Multi-Hazard Mitigation Plan Update – 2009 as 

part of the city’s fulfillment of requirements for the Hazard Mitigation Grant Program of 

FEMA, the CRS program, and other programs. Overall, this plan provides guidance to 

the city of Tulsa for the next five years in terms of reducing risk to hazards, such as 

flooding, through recommended mitigation strategies. The plan: 1) assesses existing 

mitigation strategies, 2) identifies and assesses the city’s hazards, 3) evaluates additional 

mitigation strategies which should be implemented, and 4) outlines how these mitigation 

strategies should be implemented. The plan proposes a total of 49 mitigation strategies 
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which specifically address flooding. Each of these strategies has been classified into one 

out of six mitigation categories. Table 7 summarizes the number of flood mitigation 

strategies which fall into each of these mitigation categories (City of Tulsa, 2009). 

 

Mitigation category Number of flood mitigation strategies 

Public Information and Education 9 

Preventative Activities 9 

Structural Projects 6 

Property Protection 6 

Emergency Services 14 

Natural Resource Protection 5 

Total 49 

Table 7: Tulsa’s Flood Mitigation Strategies (City of Tulsa, 2009). 

The plan also identifies 30 mitigation strategies which are considered high 

priority for mitigating the risk of hazards. Of these 30 strategies, 17 strategies specifically 

address flooding. For these strategies, the lead agency responsible for implementation, an 

anticipated time schedule, an estimated cost, and possible funding sources are identified 

(City of Tulsa, 2009).  

The city of Tulsa also has a city-wide master drainage plan which is considered 

“the backbone of Tulsa’s stormwater management system” (Patton, 1994, 16). Between 

1978 and 1994, Tulsa created master drainage plans for all 31 major drainage basins (i.e., 

sub-watersheds) in the city. These master drainage plans provided a framework for flood 

management planning and programs within the basin through presenting existing 

floodplain conditions, accounting for community values, presenting planning goals and 

objectives, and recommending solutions for flooding and drainage problems. In 1989, the 

city consolidated the master drainage plans into one city-wide master drainage plan, 

Flood and Stormwater Management Plan 1990-2005. This comprehensive plan ranks and 
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prioritizes recommended projects from the individual drainage basin plans in order to 

recommend specific stormwater capital improvement projects and guide capital 

scheduling and spending. The plan was updated in 2001 (Patton, 1994; City of Tulsa, 

2009).  

In 1998, the city of Tulsa published the Flood and Stormwater Management Plan 

1999-2014. Similar to the 1989 plan, this plan recommends and prioritizes specific 

stormwater capital improvement projects. Unlike the 1989 plan, this plan was specifically 

developed as a planning requirement for the CRS program, Flood Mitigation Assistance 

and the Hazard Mitigation Grant Program (City of Tulsa, 2009). 

Structural Strategies 

The city of Tulsa relied heavily on structural strategies such as dams and levees 

before 1968.  In response to a 1943 flood event, the U.S. Army Control of Engineers 

constructed an extensive levee system along the Arkansas River. Although this levee 

system provided flood control, the system was designed primarily to protect Tulsa’s oil 

refineries (Freitag et al., 2009; Patton, 1994). In 1964, the U.S. Army Corps of Engineers 

constructed the Keystone Dam 15 miles upstream of Tulsa. This dam was constructed to 

protect a rapidly developing and expanding city of Tulsa. Due to the frequency of 

flooding Tulsa experienced between 1960 and the early 1970s, the city of Tulsa began to 

lose faith in its sole reliance on structural strategies for flood control (Freitag et al., 

2009). As a result, nonstructural strategies such as development regulations, acquisitions 

and relocations, etc. as discussed earlier, were implemented. 

Today, Tulsa’s floodplain management program still consists of structural 

strategies. However, due to the effectiveness of nonstructural strategies, there is less need 

for large structural projects like dams and levees. Instead, top priority structural strategies 
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today include smaller drainage projects and channel erosion control. These projects 

include bridge improvements and replacements, channel improvements, culvert 

replacements, construction of detention ponds and new drainage systems, etc (City of 

Tulsa, 2009) and are funded by the city’s stormwater utility fee (City of Tulsa, 2009). 

Approximately 70% of the stormwater utility fee is used for the operations and 

maintenance of stormwater detention ponds, stream channels, culverts, ditches and other 

drainage projects, whereas the remaining 30% of the fee is used for new projects (City of 

Tulsa, n.d., Rates). Larger structural projects, such as major drainage basin improvements 

and even land acquisition, are funded by the city’s sales tax revenue and bond issues 

(Stormwater fee and funding, n.d.). 

Warning Strategies 

Tulsa is also able to provide an advance warning of potential flooding to its 

residents through an outdoor warning siren system. This system is activated by the Tulsa 

Area Emergency Management Agency who is responsible for monitoring rainfall and 

stream levels. With the help of FEMA and the NWS, the outdoor warning siren system 

was installed in 1984. Today, there are 84 outdoor warning sirens which are able to warn 

individuals within a 4,100 feet radius of the siren. For a flood warning, the sirens let out a 

3-minute slow high-low siren tone, but, the siren can also be used be used as a public 

address system (City of Tulsa, 2009). 

STRATEGY EFFECTIVENESS 

Overall, Tulsa’s floodplain management program has been effective in reducing 

flood risk and increasing flood preparedness. As mentioned earlier, Tulsa has been 

nationally recognized as having one of the best floodplain management programs in the 

nation (Federal Emergency Management Agency, 2000). Tulsa is currently one of only 
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three communities participating in the CRS program with a class 2 status (Federal 

Emergency Management Agency, 2012). Additionally, one issue which is currently 

keeping Tulsa from implementing new floodplain management strategies is the 

perception that Tulsa has already achieved enough with its’ floodplain management 

program (Robison, 2013, [Telephone interview by the author]).      

A key strength of Tulsa’s floodplain management program is that it has evolved 

with flood events since the program’s formal establishment in the early 1970s (Freitag et 

al., 2009). Tulsa has recognized where specific floodplain management strategies have 

failed or the effectiveness of these strategies has been exhausted. One example is the use 

of larger structural strategies such as dams and levees.  Prior to 1968, a dam and levee 

system was constructed along the Arkansas River to provide flood control. The Arkansas 

River was previously known to produce severe flooding. However, after this system was 

installed along the Arkansas River, the floodplains surrounding Mingo Creek, Joe Creek, 

and other smaller streams began to flood frequently, causing the loss the lives and 

property damage. Instead of further installing large structural controls to combat these 

flooding issues, the city rapidly responded through the use of preventative, corrective, 

and planning strategies for reducing flood risk. For example, in response to the 1984 

Memorial Day flood, Tulsa assembled the city’s first Flood Hazard Mitigation Team to 

develop the city’s floodplain management strategy, relocated 300 flooded single-family 

homes and a 228-pad mobile home park, and spent $2.1 million for master drainage plans 

(Patton, 1994). Several additional examples of Tulsa’s rapid response to flood events will 

be provided in the subsequent section. 

The potential for flooding is always going to be present. Future population 

growth, increasing land development, and climate change may all increase this potential 

for flooding. However, as Tulsa has demonstrated in the past, these increased flood risks 
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can be mitigated through the expansion and strengthening of existing strategies. The city 

has focused on the repetitive use of strategies such as the preparation of several master 

drainage plans and the acquisition and relocation of flood-prone properties which has 

effectively eliminated the flood risk to residents at these locations. 

IMPLEMENTATION CHALLENGES 

“Timing is Everything” 

According to Robison, “the main key to getting things accomplished and 

overcoming resistance is “Timing is Everything”” (Robison, 2013, Floodplain 

management questions). Over the course of Tulsa’s floodplain management program’s 

history, it has been easiest for the program to receive public support, funding, and 

therefore, to implement floodplain management strategies right after a flood event. This 

is evident with the rapid evolution of Tulsa’s floodplain management program and the 

implementation of a number of flood control strategies in the 1970s and 1980s. In the 

1970s and 1980s, there were major flood events every two to four years (Robison, 2013, 

[Telephone interview by the author]). In response to the 1970 Mother’s Day flood which 

resulted in $163,000 in damages (in 1970 dollars), Tulsa joined the NFIP’s “emergency 

program.” As a result of two other major flooding events in 1970, Tulsa joined the 

NFIP’s “regular” program and adopted a 100-year floodplain standard (Patton, 1994).   

In 1974, Tulsa experienced so many devastating floods that the year has been 

identified as the “year of floods.”  In April and May, floods resulted in $744,000 (in 1974 

dollars) in damages. In June, floods caused more than $18 million in damages (in 1974 

dollars). In September, Tulsa experienced another flood event. As a response to these 

damages, flood victims blamed the city for not enforcing NFIP regulations, petitioned for 

greater flood control, and tried to prevent development from occurring. At the same time, 
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the city received resistance from developers, who severely opposed floodplain 

development regulations. Developers were concerned that the city was taking their land 

from them. This conflict between flood victims, concerned citizens, and developers 

became to be known as “Tulsa’s great drainage war” or Tulsa’s “flood wars (Patton, 

1994; Robison, 2013, [Telephone interview by the author]). After a few years, flood 

victims finally won. Tulsa widened part of Mingo Creek, whose basin had experienced 

frequent flooding, through the removal of 33 houses (Patton, 1994). 

The 1976 Memorial Day flood resulted in 3 deaths and $40 million in damages (in 

1976 dollars) to more than 3,000 buildings. As a result of continuing public outcry, Tulsa 

enacted a slew of floodplain management strategies. These strategies included enacting a 

floodplain building moratorium, hiring their first full-time hydrologist, developing 

comprehensive floodplain management policies, regulations and drainage criteria, 

enacting stormwater detention regulations for new developed, instituting an alert and 

warning system and master drainage planning for major creeks (Patton, 1994). 

As another result of the 1984 Memorial Day flood, Tulsa assembled the city’s 

first Flood Hazard Mitigation Team to develop the city’s floodplain management 

strategy, relocated 300 flooded single-family homes and a 228-pad mobile home park, 

spent $10.5 million in flood control works, and spent $2.1 million for master drainage 

plans (Patton, 1994). In 1985, Tulsa established the Department of Stormwater 

Management which was responsible for the city’s flood, drainage, and stormwater 

programs.  In 1986, a stormwater utility fee was established to operate these programs. 

By 1990, Tulsa’s floodplain management program was ranked first in the nation by 

FEMA. 

The frequency of flood events in the 1970s and 1980s has clearly, as 

demonstrated above, played a key part in the establishment of Tulsa’s floodplain 
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management program and the quality the program possesses. However, over the past few 

years, Tulsa has experienced drought and less frequent flood events. Therefore, as will be 

discussed later, Tulsa has had a difficult time receiving community support and funding 

for projects. In the words of Robison, “it’s hard to sell umbrellas in a drought” (Robison, 

2013, Floodplain management questions). 

Public Perception 

One issue which is currently keeping Tulsa from implementing new floodplain 

management strategies is public perception. Because Tulsa has already done so much in 

terms of floodplain management, the public is under the impression that all of Tulsa’s 

flooding problems have been resolved.  The fact that Tulsa currently is in a drought and 

has experienced less frequent flood events over the past few years, has further fed the 

public’s perception that Tulsa has achieved enough with its’ floodplain management 

program. Therefore, it has been difficult for new floodplain management controls to 

receive public support (Robison, 2013, [Telephone interview by the author]). 

Funding 

Recent drought and less frequent flooding events have also affected funding for 

Tulsa’s floodplain management program. As described earlier, in the 1970s and 1980s, 

when Tulsa’s floodplain management program rapidly evolved, the timing for the 

program was right. There were 100-year flood events every few years and therefore, 

millions of dollars were thrown into the program. However, because floods are less 

frequent now and Tulsa is currently in a drought, it has been difficult for the floodplain 

management program to receive enough funding for projects.  Currently, the program has 

a bond item up for $14 million in the 2013 election. However, according to Robison, $14 
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million would be nearly not enough for what the program would like to do. Each project 

alone would cost $4-5 million (Robison, 2013, [Telephone interview by the author]). 

Legal Challenges 

As discussed earlier, during the 1980s’ “flood wars,” Tulsa’s emerging floodplain 

management program received resistance from developers who were concerned that the 

city was “taking” their land. This issue of “taking” as a result of the floodplain 

management program has resurfaced recently. In January 2012, House Bill (HB) 2836 

was introduced to Oklahoma’s House of Representatives. HB 2836 stated (House bill 

2836., n.d.): 

 

Municipal or county governing bodies of this state shall not take or require rights-

of-way or easements, nor shall they restrict the occupancy or development of 

private land beyond the federally established one-hundred year floodplain, for any 

public purpose… without advance payment to the landowner of record of just 

compensation for the fair market value of the land taken or damaged.  

Therefore, HB 2836 would essentially prohibit any community from enforcing 

floodplain regulations beyond the FEMA-defined 100-year floodplain or SFHA without 

paying the landowners for a “taking.” As described earlier, Tulsa’s development 

regulations extend outside of the SFHA. HB 2836 would have prevented any community 

in Oklahoma, including Tulsa, from participating in the CRS program since the CRS 

program includes several strategies which extend outside the SFHA and can help 

communities achieve a higher CRS class status (Robison, 2013, [Telephone interview by 

the author]). The minimum NFIP requirements may not simply be adequate for reducing 

flood risk and increasing flood preparedness for specific communities. For example, 

participating communities can receive CRS credit for developing new flood elevations, 

floodway delineations, wave heights, or other regulatory hazard data for an area not 
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mapped in detail by the NFIP’s flood insurance study. Communities can also receive 

credit for having higher mapping standards and higher regulatory standards (Federal 

Emergency Management Agency, 2006). 

Fortunately for Tulsa and other participating CRS communities in Oklahoma, HB 

2836 was later amended so that the application of floodplain regulations outside of the 

SFHA would not be considered a taking and thus, would not require compensation to the 

landowner from the city. Specifically, this amendment stated that floodplain boards could 

take or require rights-of-ways or easements and restrict the occupancy or development of 

private land for uses (Engrossed senate amendment to engrossed house bill no. 2836., 

n.d.): 

 

primarily and directly related to flood hazard management, or for the purpose of 

floodplain management, flood hazard reduction or stormwater quality 

management outside of Areas of Special Flood Hazard… without advance 

payment to the landowner. 

However, one issue with this amendment is that HB 2836 would violate the U.S. 

Supreme Court rulings concerning eminent domain. The power of eminent domain is 

embedded in the fifth amendment of the U.S. Constitution which states “nor shall private 

property be taken for public use, without just compensation” (Box & Blank, 2001). 

Because HB 2836 would not require the city to compensate the landowner for the 

acquisition of their property, HB 2836 would violate eminent domain law.  

This amendment also explicitly recognized the CRS program. The amendment 

stated floodplain boards could impose development regulations outside the SFHA and not 

be considered a “taking” if the community or county was (Engrossed senate amendment 

to engrossed house bill no. 2836., n.d.): 
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participating in or actively seeking participation in any incentive program 

designed to secure insurance rate discounts for residents, including the Federal 

Emergency Management Agency’s Community Rating System, that are being 

enacted in order to maintain or increase the ranking or standing of the community 

or county in such a program.  

Although these amendments would have allowed communities to continue to 

impose development regulations outside of the SFHA, HB 2836 eventually died in 

conference in the House of Representative on May 25, 2012 (Bill information for hb 

2836 (2011-2012), n.d.). 

CRS Requirements 

As discussed earlier, Tulsa is currently a class 2 community under the CRS 

program. Under the existing CRS program, a prerequisite to a community becoming a 

class 1 community is that 50% of the properties in the SFHA must have flood insurance. 

According to Robison, this prerequisite is the only item which is currently keeping Tulsa 

from becoming a class 1 community and therefore keeping Tulsa from receiving higher 

flood insurance discount premiums.  Approximately only 45% of the properties in the 

SFHA in Tulsa have flood insurance. Robison states that achieving this 50% threshold is 

not entirely feasible for Tulsa since the city cannot force properties in the SFHA to 

purchase flood insurance (Robison, 2013, [Telephone interview by the author]).  A 

property owner is only required to purchase flood insurance when their property is in a 

high-risk area (i.e., the SFHA) and the property owner has a mortgage through a federally 

regulated or insured lender (Understanding the basics: Flood insurance, 2013). Therefore, 

the remaining 55% of property owners in Tulsa’s SFHA may not have flood insurance 

because they are not required to purchase flood insurance by law. It is possible that the 

higher flood insurance premium of 45% which would be achieved through Tulsa 

becoming a class 1 community could encourage more property owners in the SFHA to 
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purchase flood insurance. However, the 50% pre-requisite is preventing Tulsa from 

receiving the 45% flood insurance premiums.  

However, this 50% pre-requisite for becoming a class 1 community under the 

CRS program will change in the updated CRS Coordinator’s Manual to be released at 

some point in 2013. This updated manual will delete this pre-requisite for becoming a 

class 1 community if new public outreach program requirements are met. According to 

Robison, Tulsa will be able to accomplish these new public outreach program 

requirements and is expected to become a class 1 community under the next CRS 

program evaluation cycle (Robison, 2013, [Telephone interview by the author]). 
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Chapter 6:  Floodplain Management in Charlotte, NC 

COMMUNITY PROFILE 

Population 

The city of Charlotte is located approximately 130 miles southwest of Raleigh 

near the South Carolina border and was established in 1769. Charlotte is North Carolina’s 

largest city and is located in the state’s most densely populated county, Mecklenburg 

County (Charlotte-Mecklenburg Emergency Management, n.d.). In 2010, the city’s 

population was 731,424 individuals with a population density of 2,457.1 individuals per 

square mile (Charlotte (city) quickfacts from the U.S. Census Bureau, 2013). Charlotte’s 

population growth since 1900 is presented in Figure 10. Charlotte has been recognized as 

one of the fastest-growing areas in the United States. Between 2000 and 2008, the city 

experienced a 20.6% increase in population. Charlotte’s rapid population growth can be 

attributed to the fact that it is one of the nation’s largest financial centers, serving as the 

home for Bank of America and more Fortune 500 companies than anywhere else in the 

state. As expected, rapid urban development has accompanied this rapid population 

growth over the past few decades. Development has occurred primarily on the city’s 

edges away from the city’s central business district in the form of low-density suburban 

sprawl (Charlotte-Mecklenburg Emergency Management, n.d.). 
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Figure 10: Charlotte, NC Population: 1900-2010 (U.S. Census Bureau, n.d.; Charlotte 

(city) quickfacts from the U.S. Census Bureau, 2013). 

Geography and Climate 

The city of Charlotte is located completely within Mecklenburg County. In 2012, 

the city occupied 303 square miles of land (Charlotte-Mecklenburg Storm Water 

Services, n.d., Fast facts). Geographically, Charlotte is located in the western part of 

North Carolina’s Piedmont region, which is characterized by forested rolling hills (The 

land: Natural diversity, n.d.). The city is bordered to the west by the Catawba River, but 

is split between two river watersheds, the Catawba River watershed and the Yadkin River 

watershed. Mecklenburg County, for which Charlotte occupies a majority of the land 

area, has more than 80 named creeks and 33 creek watersheds. Creeks in the western 

two-thirds of the county drain into the Catawba River, whereas creeks in the eastern one-

third of the county drain into the Yadkin River (Charlotte-Mecklenburg Emergency 
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Management, n.d.; Charlotte-Mecklenburg Storm Water Services, n.d., River 

watersheds). 

Charlotte has a mild year-round climate with an average annual high temperature 

and low temperature of 70.9
 o

 F and 48.8
 o

 F, respectively. Charlotte’s average annual 

rainfall is 41.76 inches (The Weather Channel, n.d.). 

RALEIGH’S INTEREST IN STUDYING CHARLOTTE’S FLOODPLAIN MANAGEMENT 

PROGRAM 

Charlotte’s floodplain management program is of interest to Raleigh because of 

Charlotte’s CRS program classification and watershed approach to floodplain 

management (City of Raleigh Department of City Planning, n.d.). Charlotte is currently 

classified at a higher status than Raleigh’s class 7 status. Since May of 2006, Charlotte 

has been classified as a class 5 community and thereby, the city’s SFHA and non-SFHA 

properties receive a 25% and 10% flood insurance discount, respectively (Federal 

Emergency Management Agency, 2012). 

The floodplain management program of Charlotte is also unique in that the city 

regulates floodplain development using a watershed approach. According to Raleigh’s 

Comprehensive Plan, Raleigh “needs to adopt a watershed approach to stormwater 

management, flood reduction, and flood preparedness” (City of Raleigh Department of 

City Planning, n.d., 125). The City of Charlotte-Mecklenburg County regulates 

development in their “Community Floodplain” which is defined as the area likely to 

flood when the watershed is fully developed (Charlotte-Mecklenburg Stormwater 

Services Division, n.d.). 
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FLOODPLAIN MANAGEMENT OVERVIEW 

Charlotte’s floodplain management program is operated by the Charlotte-

Mecklenburg SWS, which is composed of employees of the city of Charlotte (55%) and 

Mecklenburg County (45%) (Charlotte-Mecklenburg Storm Water Services, n.d., How 

Charlotte-Mecklenburg Storm Water Services is organized). The goals of the program 

include: 1) to improve water quality, and 2) reduce flood risks (Charlotte-Mecklenburg 

Storm Water Services, n.d., What Storm Water Services does). Main components of the 

program which specifically seeks to reduce flood risks include floodplain development 

regulations and floodplain maps which are of a higher standard than FEMA maps. The 

program also includes: 1) a planning and mitigation component which prioritizes where 

flood mitigation activities should occur, 2) an implementation component where 

properties in the floodplain are bought out or elevated, and 3) an advance flood warning 

system (Trautman, 2013). Charlotte-Mecklenburg SWS also installs, upgrades, and 

maintains storm drains and pipes, as well as preserves and restores stream channels in 

their efforts to reduce flood risk (Charlotte-Mecklenburg Storm Water Services, n.d., 

What Storm Water Services does). 

FLOOD RISK REDUCTION AND PREPAREDNESS STRATEGIES 

Preventative Strategies 

The city of Charlotte applies development regulations to what it defines as the 

“Community Special Flood Hazard Area.” The community SFHA is the area which is 

subject to a 1% or greater chance of flooding in any given year from the “Community 

Base Flood”. There are two types of floods which will be referenced throughout this 

chapter: 1) the community base flood, and 2) the SFHA base flood. The community base 

flood is the 100-year flood (i.e., the flood having 1% change of being equaled or 
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exceeded in any given year) under future land use conditions. The community base flood 

is specifically estimated based on zoning and predicted development. The SFHA base 

flood is the 100-year flood (i.e., the flood having 1% change of being equaled or 

exceeded in any given year) under land use conditions at the time of the FEMA study 

(City of Charlotte, n.d.). The community base flood may span a greater area and reach a 

greater height than the FEMA base flood. As a watershed is urbanized, new impervious 

surface will increase storm water runoff. This increased stormwater runoff may lead to a 

spatially larger and higher 100-year flood. Therefore, development which is permitted 

under the FEMA base flood may flood in the future (Stormwater management plan, n.d.). 

Charlotte’s enforcement of development regulations which are based on the community 

base flood (i.e., the 100-year flood of the future) are thus, preventative strategies to 

reducing flood risk. 

Within the community SFHA, there are two types of flood-prone areas which 

have specific development regulations: 1) the FEMA floodway, and 2) the community 

encroachment area (Figure 11). FEMA floodways are defined as the portion of the SFHA 

of which “must be reserved in order to discharge the FEMA Base Flood without 

cumulatively increasing the water surface elevation more than 0.5 foot” (City of 

Charlotte, n.d.). Community encroachment area are defined as the areas which “must be 

reserved in order to discharge the FEMA Base Flood without cumulatively increasing the 

water surface elevation more than 0.1 foot” (City of Charlotte, n.d.). On current maps, the 

community encroachment area is an average of 45% wider than the FEMA SFHA 

(Charlotte-Mecklenburg Storm Water Services, 2008). The NFIP mandates specific 

management regulations inside the SFHA (Federal Emergency Management Agency, 

n.d.). Because Charlotte’s development regulations extend outside of the SFHA, 
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Charlotte’s development regulations exceed the NFIP’s standard management 

regulations. 

 

Figure 11: Charlotte’s Regulatory Floodplain (Charlotte-Mecklenburg Storm Water 

Services, 2008). 

Community SFHA 

The following described development regulations apply to the community SFHA, 

which also includes the SFHA, the community encroachment areas and FEMA floodways 

(Figure 11). Development regulations for the community SFHA are based on three items: 

1) whether the structure is considered a “habitable building”, 2) whether the structure is 

residential or non-residential, and 3) the level of the community base flood (City of 

Charlotte, n.d.). Charlotte uses the level of the community base flood as the basis for its 

development regulations for three reasons. First, Charlotte recognizes that a flood greater 
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than the FEMA base flood is possible. Secondly, blocked culverts and bridges may cause 

flooding greater than the level of the FEMA base flood. Lastly, the carrying capacity of 

culverts may reduce overtime by accumulating sediment (Charlotte-Mecklenburg Storm 

Water Services, 2008). Thus, these three regulations are preventative strategies to 

reducing future flood risk. 

If a new or substantially improved structure is considered “habitable” (i.e., 

primarily for, or used by humans), then the structure must have “dryland access”. 

Dryland access is defined as a gravel, paved or concrete access route which is above the 

level of the community base flood and connects a habitable building to a public street 

which is above the level of the community base flood (City of Charlotte, n.d.). 

Additionally, for new or substantially improved non-single family habitable buildings, 

the lowest level of parking space is required to be no more than 0.5 foot below the level 

of the community base flood. 

For new or substantially improved residential structures, the lowest floor is 

required to be elevated at least one foot above the level of the community base flood. For 

new or substantially improved residential structures impacted by the Catawba River and a 

stream flowing into the Catawba River, more stringent elevation regulations apply. For 

these structures, the lowest floor is required to be elevated either 1) at least one foot 

above the level of the community base flood, or 2) at least two feet above the level of the 

FEMA base flood. The higher of the two elevations will apply to these structures. For 

manufactured homes, the lowest floor is also required to be elevated at least one foot 

above the level of the community base flood. Manufactured homes must also be anchored 

to prevent flotation, collapse or lateral movement. Manufactured home parks and 

subdivisions must also have an evacuation plan (City of Charlotte, n.d.).  
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For new or substantially improved non-residential structures, the lowest floor is 

required to be elevated at least one foot above the level of the community base flood. 

Alternatively, the structure could be flood proofed so that the structure’s area below one 

foot above the level of the community base flood is watertight (City of Charlotte, n.d.). 

Regardless of the structure type, some substantially improved structures are 

allowed an exemption to these elevation or flood proofing requirements. Substantially 

improved residential structures are exempt if their lowest floor is elevated at least one 

foot above the level of the FEMA base flood, but less than one foot above the level of the 

community base flood (City of Charlotte, n.d.). 

There is an additional development regulation for all new or substantially 

improved structures regardless of the structure type. For any fully enclosed areas below 

the lowest floor, the area must be designed so that floodwaters are allowed to enter and 

exit. This movement of floodwater relieves exterior walls of the structure from 

unequalized hydrostatic flood forces. Unequalized hydrostatic flood force can cause walls 

to collapse and are often one of the main causes of flood damage (Hydrostatic forces, 

2012). Additionally, this area: 1) must not be designed for human habitation, 2) can only 

be used for vehicle parking, building access, limited storage of maintenance equipment, 

and 3) must be constructed entirely of flood resistant materials (City of Charlotte, n.d.). 

There are two types of permits which must be obtained for any “development” or 

activities in the community SFHA: 1) general floodplain development permit (GFDP), or 

2) individual floodplain development permit (IFDP). Development is defined as “any 

manmade change to improved and unimproved real estate, including, but not limited to, 

buildings or other structures, mining, dredging, filling, grading, paving, excavating or 

drilling operations” (Charlotte-Mecklenburg Storm Water Services, 2008, 10). A GFDP 

is required for any development or activities which will not increase the level of the 
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FEMA base flood. These types of development or activities and generally include passive 

land use or activities (Floodplain development permits, n.d.). More specifically, these 

development or activities include, but are not limited to (Charlotte-Mecklenburg Storm 

Water Services, 2008): 

 General farming, pasture, horticulture, forestry, landscaping, etc. 

 Utility infrastructure, sign poles, non-solid fences, etc. 

 On-grade driveways, trails, sidewalks, boardwalks, roads and road maintenance, 

etc. 

 Interior renovations with a value of less than $10,000, to a structure not meeting 

the previously described development regulations 

 Interior renovations of any value, to a structure meeting the previously described 

development regulations 

An IFDP is required for all other types of development or activities not covered 

by the GFDP (Charlotte-Mecklenburg Storm Water Services, 2008). In general, these 

development or activities include, but are not limited to (Floodplain development 

permits, n.d.): 

 Grading, filling, drilling, dredging, etc. 

 New construction 

 Renovations with a value of more than $10,000, to a structure not meeting the 

previously described development regulations 

Community Encroachment Area 

The following described development regulations apply to the community 

encroachment area, which also includes FEMA floodways (Figure 11). New construction, 

substantial improvements, fill, and other development (i.e., buildings or structures, 
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mining, dredging, filling, grading, paving, excavating, etc.) are prohibited in the 

community encroachment area if these encroachments (City of Charlotte, n.d.): 

1. would increase flood heights greater than 0.10 feet during a community base 

flood,  OR 

2. would increase the community base flood more than 0 feet when the 

encroachment would impact an existing habitable building. 

FEMA Floodway 

Because floodways usually pose the greatest flood risk (i.e., are closest to the 

river or watercourse), the strictest development regulations are often applied to 

floodways. New construction, substantial improvements, fill, and other development (i.e., 

buildings or structures, mining, dredging, filling, grading, paving, excavating, etc.) are 

prohibited in the FEMA floodway if these encroachments would increase the flood levels 

from the FEMA base flood (City of Charlotte, n.d.). 

Corrective Strategies 

Through Charlotte’s floodplain acquisition program, Charlotte permanently 

removes the highest flood-risk buildings. Among all of Charlotte’s strategies to reducing 

the hazard of flooding to people, this is Charlotte’s most preferred measure. 

Properties which are acquired through Charlotte’s floodplain acquisition program 

must meet specific criteria. Qualifying properties (Charlotte-Mecklenburg Storm Water 

Services, 2007): 

 Must be located in the FEMA SFHA 

 Must have a high risk of flood damage inside the living space of the building 



 83 

 Must have cost-effective buyouts. Therefore, the estimated monetary amount of 

future flood losses avoided must be greater than the total cost of buying the 

property and demolishing the structure. 

Once a building is acquired, the building is then demolished or relocated. The 

vacant property is then converted to open space (i.e., parks, greenways, etc.) for public 

use into perpetuity through a deed restriction. Occasionally, water quality structures, such 

as wetlands or retention ponds, or greenway trails are built on the property (Charlotte-

Mecklenburg Storm Water Services, n.d., Floodplain buyout (acquisition) program). 

As of January 2012, Charlotte-Mecklenburg SWS has acquired and demolished 

more than 275 flood-prone houses, apartment buildings, and businesses in the county 

(Charlotte-Mecklenburg Storm Water Services, n.d., Floodplain buyout (acquisition) 

program; Flood risk assessment and risk reduction plan, 2012). Funding for these 

acquisitions comes from local and federal funds. Approximately 35% of the funding used 

for the floodplain acquisition program comes from Charlotte-Mecklenburg SWS fees. 

The remaining 65% of the funding comes from FEMA mitigation grants. If FEMA 

mitigation grants are going to be used to acquire the property, then the property must 

have past flood losses or past flood insurance claims (Charlotte-Mecklenburg Storm 

Water Services, 2007). As long as funding is available, SWS plans to continue to buy 

eligible structures. 

Within Charlotte’s floodplain buyout program, there are two special programs: 1) 

Quick Buys program, and 2) the Orphan Property Acquisition program (Charlotte-

Mecklenburg Storm Water Services, n.d., Floodplain buyout (acquisition) program). 
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Quick Buy Program 

The Quick Buy program is used to acquire damaged buildings after a very 

destructive flood which are at a high risk of flooding again (Floodplain quickbuy 

program, n.d.). The flood damages of these buildings usually exceed 50% of the 

building’s value (Floodplain Buyout Program Brochure). After the building is acquired, 

the building is demolished and the vacant property is converted to permanent open space. 

The Quick Buy program is funded entirely with local funds. Because local funds as 

opposed to federal funds are used in this program, an acquisition and demolition of a 

building can occur very quickly (i.e., within a matter of months). Using federal funds for 

acquisition could extend this acquisition and demolition process to more than year 

(Floodplain quickbuy program, n.d.). 

Orphan Property Acquisition Program 

The Orphan Property Acquisition program is used to buy “isolated” or “orphan” 

properties in the FEMA SFHA. The acquisition and removal of properties through the 

Quick Buy program and the use of FEMA grant programs has resulted in a 

“checkerboard” of remaining properties in some neighborhoods. These remaining 

properties are considered “isolated” or “orphan” properties and did not qualify for 

acquisition under the Quick Buy program or for the use of FEMA grant funds (Orphan 

property acquisition, n.d.).  

There are specific qualifications which a property must meet in order to be 

considered an “orphan” property. The property must (Orphan property acquisition, n.d.): 

1. Be a residential property, 

2. Touches the community encroachment area, 

3. Be located on the same street where there have been at least two FEMA 

acquisitions, AND 
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4. Be located on a dead end street or cul-de-sac that could be abandoned or removed 

after property demolition OR would eliminate future rescues of homes within the 

regulated floodplain 

There are several benefits to acquiring and demolishing “orphan” properties.  

Removing orphan properties eliminates the potential need for emergency response 

services to the street during a flood event. Removal can also lead to the abandonment of 

the street. Once all buildings on a dead end street are acquired and demolished, the 

impervious surface of the street can be removed and the area can be returned to a more 

natural state (Orphan property acquisition, n.d.). As discussed many times, impervious 

surface prevents the infiltration of stormwater into the ground and can lead to increased 

volume and velocity of stormwater runoff.  The removal of these orphan properties and 

the street can open opportunities for the implementation of water quality structures and 

establishment of community open space (Orphan property acquisition, n.d.). 

As of 2012, 17 orphan properties for potential acquisitions had been identified. As 

with all property acquisitions, it is up to the property owner if they would like to sell their 

property to SWS. It is expected that property owners will be contacted about their 

“orphan” property status in early 2013 (Orphan property acquisition, n.d.). 

Funding for these “orphan” property acquisitions comes from the Charlotte-

Mecklenburg SWS fees (Orphan property acquisition, n.d.). 

Planning Strategies 

Currently, there are several planning documents which guide Charlotte’s 

floodplain management: 1) Flood Hazard Mitigation Plans by Watershed, 2) 

Mecklenburg County Hazard Mitigation Plan – 2010 Plan Update, and 3) Flood Risk 

Assessment and Risk Reduction Plan. 
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Flood Hazard Mitigation Plans by Watershed 

Flood hazard mitigation plans have also been developed for ten watersheds in 

Mecklenburg County (Flood hazard mitigation plans by watershed, n.d.). Overall, these 

plans describe general watershed conditions, present a cost-benefit economic analysis for 

proposed improvement strategies, and propose flood hazard mitigation. In each plan’s 

flood hazard mitigation section, the plan identifies the number of flood-prone buildings, 

groups these buildings into flood problem areas, and recommends one or more out of 

eight solutions for addressing each problem area. These solutions include: 1) no action, 2) 

flood proofing, 3) structure elevation, 4) property acquisition, 5) construction of 

levees/floodwalls, 6) infrastructure modification, 7) channel modification, and 8) 

upstream detention (Watershed study No. 7 Briar Creek Watershed, 2003). 

Mecklenburg County Hazard Mitigation Plan – 2010 Plan Update 

In 2010, the Mecklenburg County Hazard Mitigation Plan – 2010 Plan Update as 

a response to the Disaster Mitigation Act of 2000. This Act requires states and local 

governments who received pre- and post-disaster mitigation funding to develop and 

routinely update a hazard mitigation plan.  Therefore, this updated plan was released in 

order to continue to receive funding from the Hazard Mitigation Grant Program and other 

programs administered by FEMA. Overall, this plan provides guidance to Mecklenburg 

County, the city of Charlotte and other neighboring municipalities in terms of reducing 

risks to hazards, such as flooding, through recommended mitigation actions. The plan: 1) 

analyses and assess the county’s overall risk to hazards, 2) assesses the capacity of each 

municipality to implement additional mitigation strategies, 3) identifies recommended 

mitigation actions for each municipality within Mecklenburg County, and 4) outlines how 

the mitigation actions should be implemented. 
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The plan proposes a total of 12 and 17 mitigation actions for Mecklenburg County 

and the city of Charlotte, respectively, which specifically address flooding. Each of these 

strategies has been classified into one or more than one of six mitigation categories. 

Table 8 summarizes the number of flood mitigation actions which fall into these 

mitigation categories. For these actions, the lead agency responsible for implementation, 

the estimated cost, potential funding sources, the implementation schedule, and the 

priority of the action are identified (Charlotte-Mecklenburg Emergency Management, 

n.d.). 

 

 Number of Flood Mitigation Strategies 

Mitigation Category Mecklenburg County City of Charlotte 

Prevention 3 12 

Property Protection 2 0 

Natural Resource Protection 0 1 

Structural Projects 0 2 

Emergency Services 2 1 

Public Education and Awareness 5 3 

Total 12 19* 

*A total of 17 mitigation actions are proposed for the city of Charlotte. Two of these 

mitigation actions were classified in two mitigation categories.  

Table 8: Charlotte-Mecklenburg Flood Mitigation Strategies (Charlotte-Mecklenburg 

Emergency Management, n.d.). 

Flood Risk Assessment and Risk Reduction Plan 

In 2012, a Flood Risk Assessment and Risk Reduction Plan was released by 

AECOM for Charlotte-Mecklenburg SWS in direct response to one of the recommended 

mitigation actions listed in the Mecklenburg County Hazard Mitigation Plan – 2010 Plan 

Update. This plan specifically addressed the Mitigation Plan’s Mitigation Action 3 which 

states: “Complete and begin implementation of detailed Flood Hazard Mitigation Plan 

which will identify specific mitigation options based on risk factor scoring utilizing 
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public and private funding” (Flood risk assessment and risk reduction plan, 2012). As 

opposed to the Mitigation Plan, the Reduction Plan provides a more detailed and 

comprehensive evaluation of specifically flood hazards (Flood risk assessment and risk 

reduction plan, 2012). 

Overall, the plan is designed to help Mecklenburg County identify, prioritize and 

plan future flood mitigation projects. The plan proposes flood risk reduction 

recommendations through identifying and evaluating 19 flood mitigation techniques 

which the Plan believes are appropriate for Mecklenburg County (Table 9). For each 

mitigation technique, possible funding sources, advantages and disadvantages of each 

technique, and the appropriateness of each technique for different types of property are 

identified (Flood risk assessment and risk reduction plan, 2012). 

 

Property Acquisition & Structure Demolition Storm Water Detention Facilities 

Structure Demolition & Rebuild Storm Water System Control 

Property Acquisition and Structure Relocation Automated Flood Notifications 

Property Acquisition, Demolition or 

Relocation, and Re-sale 

Public Education 

Structure Elevation Flood Insurance 

Abandon Basement and Fill Levee/Floodway Protection for Multiple 

Structures 

Dry Floodproofing of Structures Protecting Service Equipment 

Wet Floodproofing of Structures Partial Dry Floodproofing 

Audible Flood Warning System for Individual 

Property 

Partial Wet Floodproofing 

 Levee/Wall/Berm for a Single Structure 

Table 9: Flood Risk Mitigation Strategies (Flood risk assessment and risk reduction 

plan, 2012). 
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Structural Strategies 

Charlotte-Mecklenburg’s history of flood management has included larger 

structural projects like dams and levees. Along the Catawba River, three dams have been 

constructed, creating three reservoirs. Lake Wylie was originally created by damming in 

1904 and by subsequent redamming in 1924. Mountain Island Lake was created by 

damming in 1924. Lake Norman was created by damming in 1963. Although these dams 

were created primarily for hydroelectric generation, these dams do provide flood control 

(Mecklenburg County floodplain management guidance document, 1997). As a response 

to a major flooding event in the 1970s, a levee was constructed along Sugar Creek in 

Pineville. 

More recently and today, Charlotte’s flood management program has included 

smaller structural projects to control floods. These structural projects have included 

channel maintenance and channel improvements, and storm drainage improvements. 

Channel maintenance is conducted by Charlotte-Mecklenburg SWS for floodplain 

channels for watersheds larger than one square mile and other areas with consistent 

complaints. In order to maintain these channels, undergrowth may be cleared, existing 

rip-rapped areas may be repaired and obstructions may be cleared from culverts or 

bridges. In terms of channel improvements, Charlotte-Mecklenburg SWS has increased 

channel capacity and rip-rapped the channel banks. (Mecklenburg County floodplain 

management guidance document, 1997). Additional smaller structural projects have 

included pipe and culvert replacements, channel clearing and stabilization, storm 

drainage system improvements, and the installation of new inlets and storm drainage 

infrastructure (Project flood mitigation, n.d.). 

These structural projects are funded by Mecklenburg County and Charlotte’s 

combined storm water utility fee and bond issues. The storm water utility fee provides a 



 90 

stable revenue source for addressing flooding caused by stormwater runoff. Storm water 

projects inside the city of Charlotte are funded by approximately 73% of the storm water 

utility fee paid by residential property owners. County-wide stormwater projects in 

Mecklenburg County are funded by approximately 15% of the storm water utility fee 

paid by residential property owners (How the utility and fee were established, n.d.). 

Warning Strategies 

Charlotte is also able to provide advance flood warning to emergency responders 

through its Flood Information and Notification System (FINS). FINS is informed by real-

time rain and stream gauges at 13 stream locations which have historically experienced 

dangerous flooding. When stream depths reach a specific threshold at any one of these 13 

gauges, local fire, policy, and emergency management personnel are notified with a 

specific alert level. There are three types of alert levels: 1) alert, 2) investigate, and 3) 

emergency. An “alert” alert level is sent out when rainfall is intense or streams rise 

rapidly. An “investigate” alert level is sent out when heavy rainfall or flooding at a 

specific location worsens. Emergency responders will then visit the specific locations and 

take necessary action to reduce the flood risk, such as barricading streets. When an 

“emergency” alert level is sent out, additional actions are taken by emergency personnel, 

such as the actual evacuation of residents (FINS-Flood information system, n.d.). 

FINS is not intended as a warning system for the public. FINS is designed for 

emergency responders, who then can help the public (FINS-Flood information system, 

n.d.; Trautman, 2013). Flood warning information for the public is available on the 

internet. However, this website is currently being worked on and therefore, is not fully 

advertised to the public (Trautman, 2013). 
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STRATEGY EFFECTIVENESS 

Like Tulsa, Charlotte has been recognized for its effective, ambitious, and 

progressive floodplain management program. In 2000, Charlotte became the first 

community in the United States to map both its existing floodplain and future floodplain 

under ultimate development conditions on the same map (Charlotte-Mecklenburg 

Emergency Management, n.d.; Charlotte-Mecklenburg Storm Water Services, 2003). Tim 

Trautman, the flood mitigation program coordinator for Charlotte-Mecklenburg SWS, 

believes that the floodplain management program has absolutely been effective in 

reducing flood risk and increasing flood preparedness in Charlotte. Trautman describes 

this well-established program which he oversees as having taken flood mitigation to the 

next level (Trautman, 2013). 

Also like Tulsa, a key strength of Charlotte’s floodplain management program is 

that it has evolved with flood events. For example, Charlotte’s preventative strategies 

(i.e., floodplain development regulations) have become stricter since their original 

adoption in 1972. Major revisions to these regulations have occurred in 1978, 1999, 

2003, 2007, and in 2008. In 1999 specifically, development restrictions in the community 

encroachment areas were revised and new flood maps on a watershed by watershed basis 

were added. In 2007, two types of floodplain permits and regulations regarding access to 

buildings during flooding, parking lot elevation requirements, and flood increases on 

existing buildings were added (Charlotte-Mecklenburg Storm Water Services, 2008).  

Like Raleigh, many of the high flood-prone areas in Charlotte were developed 

before floodplain development regulations were adopted by the city. However, Charlotte-

Mecklenburg SWS has aggressively used its floodplain acquisition programs, the Quick 

Buys program and the Orphan Property Acquisition program, as corrective strategies to 

“right the wrong of mistakes” made in the 1950s through 1970s in allowing development 
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in the floodplain. These acquisition programs have also been helpful in tacking flooding 

issues which have been exacerbated by Charlotte’s rapid population growth and 

development. Charlotte-Mecklenburg SWS’ Quick Buy program specifically has been a 

tremendous success in reducing flood risk due to its speedy implementation after a flood 

event. In August 2008, remnants of Tropical Storm Fay flooded more than 600 homes, 

businesses, and apartment units, and required the emergency evacuation and rescue of 

dozens of individuals, with approximately 90% of the flooding occurring in the Briar 

Creek watershed. Estimated damages from these floods totaled to approximately $8.5 

million. The Cavalier Apartments complex was especially hit hard. However, prior to this 

tropical storm, Charlotte-Mecklenburg SWS was already aware of the high flood risk 

posed to this apartment complex. Just two months before Tropical Storm Fay, this 

apartment complex had been purchased by Charlotte-Mecklenburg SWS and when the 

tropical storm hit, Charlotte-Mecklenburg SWS was in the process of relocating tenants. 

These apartments were demolished in the spring of 2009 and converted to 13 acres of 

open space. Also as a result of the damage caused by Tropical Storm Fay, more than 

three dozen homes which were flooded were purchased through the Quick Buys program. 

According to one property owner who participated in the Quick Buy program, the 

Charlotte-Mecklenburg SWS’s acquisition of his property “was the best thing that could 

happen, because we would have been stuck with a house we could not live in” (Charlotte-

Mecklenburg Emergency Management, n.d.; Charlotte-Mecklenburg Storm Water 

Services, n.d., Fay flooding: One year later). 

Another reason why the Quick Buys program has been a tremendous success is its 

stable funding source. As mentioned earlier, the program is funded entirely with local 

funds. Through using local funds, the acquisition and demolition process can occur in a 

matter of months as opposed to over a year which may occur with federal funds. Local 
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funding for this program is provided by a monthly stormwater utility fee charged to the 

county’s residents. In total, over 275 flood-prone houses, apartment buildings, and 

businesses in the county have been acquired and demolished (Floodplain quickbuy 

program, n.d; Charlotte-Mecklenburg Emergency Management, n.d.). 

Similar to most of the United States, flood control was the prime goal of 

Charlotte’s early floodplain management program prior to the 1970s. However, the 

potential for flooding is always going to be present, and Charlotte’s program has evolved 

over time to include other strategies to reduce flood risk and increase flood preparedness. 

Through predominately Charlotte-Mecklenburg SWS’s Quick Buys and Orphan Property 

Acquisition program, the Charlotte-Mecklenburg SWS “continues to reduce the 

likelihood of repetitive flood losses to existing development” (Charlotte-Mecklenburg 

Emergency Management, n.d., 5:16). 

IMPLEMENTATION CHALLENGES 

Funding 

Like Tulsa, funding has been somewhat of a challenge for the Charlotte-

Mecklenburg SWS’s floodplain management program. Monthly stormwater utility fees 

have provided a stable source of funding for the floodplain management program, 

keeping the program sustainable. However, political funding for the program has not 

always been consistent (Trautman, 2013). Additional political funding may be necessary 

for a project if revenue generated from stormwater utility fees is not adequate. 

Public Perception 

Charlotte’s floodplain management program has also received some pushback due 

to the public perception that increased floodplain regulations and other strategies hamper 

development. However, Charlotte-Mecklenburg SWS has been able to overcome this 
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implementation challenge through the formation of partnerships and public education. 

According to Trautman, creating lots of partnerships with developers, educators, realtors, 

and politicians is key to overcoming this implementation challenge. These strategies must 

be shown how they have actually reduced flood risk, are in the best interest for everyone, 

and provide safety for future generations (Trautman, 2013). 

Voluntary Programs 

Another challenge for Charlotte in reducing flood risk and increasing flood 

preparedness is that Charlotte-Mecklenburg SWS’s Quick Buy and Orphan Property 

Acquisition programs are completely voluntary. Owners of flood-prone property 

identified by these programs are not required to sell their property to the Charlotte-

Mecklenburg SWS.  Property owners may not realize their property’s flood risk due to 

the fact that North Carolina has been in a drought over the past few years and has 

experienced less frequent flooding. Therefore, property owners may not be interested in 

selling their property to Charlotte-Mecklenburg SWS. 
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Chapter 7:  Conclusion: Recommendations for Raleigh 

Raleigh, Tulsa, and Charlotte all use preventative, corrective, planning, structural, 

and warning strategies to some extent to reduce their city’s flood risk and to increase 

flood preparedness (Table 10). Although these three cities use similar strategies, Tulsa 

and Charlotte have developed these strategies more extensively and have applied them 

more aggressively than Raleigh currently does. It is surprising that Raleigh does not 

apply these strategies more aggressively since the city continues to experience flooding 

problems at several locations. Therefore, what can Raleigh learn from these other cities’ 

approaches to flood risk reduction and preparedness? What would be the potential 

effectiveness of these other approaches to reducing flood risk and increasing flood 

preparedness in Raleigh? The following sections will respond to these research questions. 
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Table 10: Summary of Floodplain Management Strategies. 

Raleigh, NC Tulsa, OK Charlotte, NC 

PREVENTATIVE STRATEGIES 

Regulated floodplains: 

- Future conditions flood hazard area = 100-

yr floodplain under future land use 

conditions 

- Floodway fringe = Part of 100-yr 

floodplain 

- Floodway = 100-yr floodplain that does 

not ↑ flood height >1 ft 

- Non-encroachment area = future 100-yr 

floodplain that does not ↑ flood height >1 

ft 

 

Future conditions flood hazard area & 

Floodway fringe 

- Only development of 50% of property is 

allowed 

o Excludes parking areas 

- Below 2 ft above future 100-yr floodplain 

o See Floodway & Non-

encroachment area  

 

Floodway & Non-encroachment area 

- Development prohibited if it ↑s current or 

future 100-yr flood height 

- Non-habitable passive land uses allowed 

 

Permits required for development in all 

regulated floodplains 

Regulated floodplains: 

- Regulatory floodplain = 100-yr 

floodplain under full urbanized 

watershed conditions 

- SFHA =100-yr floodplain 

- Floodway = 100-yr floodplain that 

does not ↑ flood height >1 ft 

 

Regulatory floodplain 

- Lowest flood must be 1 ft above 

future 100-yr flood height 

- Enclosed areas below lowest floor 

must be watertight OR allow 

floodwaters to enter and exit 

 

Floodway 

- Development prohibited if it ↑s 

100-yr flood height 

- Manufactured homes in new 

locations prohibited 

 

SFHA 

- Development prohibited if it ↑s 

100-yr flood height 

 

Permits required for development in all 

regulated floodplains  

Regulated floodplains: 

- Community SFHA = 100-yr floodplain 

under future land use conditions 

- FEMA floodway = 100-yr floodplain 

- Community Encroachment Area = 100-yr 

floodplain that does not ↑ flood height 

>0.10 ft 

 

Community SFHA 

- Lowest floor must be 1 ft above future 

100-yr flood height 

- Enclosed areas below lowest floor must be 

watertight OR allow floodwaters to enter 

and exit  

- Habitable buildings must have dryland 

access 

 

FEMA floodway 

- Development prohibited if it ↑s 100-yr 

flood height 

 

Community Encroachment Area 

- Development prohibited if it ↑s future 

100-yr flood height >0.10 ft OR 0 ft when 

impacts on existing habitable buildings 

 

Permits required for development in  all 

regulated floodplains 
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Table 10 Continued 

Raleigh, NC Tulsa, OK Charlotte, NC 

CORRECTIVE STRATEGIES 

Property Acquisition Program 

- Locally funded by stormwater utility 

division and federally funded 

Property Acquisition Program 

- Locally funded by sales tax revenue and 

bond issues and federally funded 

 

Repetitive Loss Program 

Property Acquisition Program 

- Locally and federally funded 

 

Quick Buy Program 

- 100% locally funded by stormwater 

utility fee 

 

Orphan Property Acquisition Program 

- 100% locally funded by stormwater 

utility fee 

PLANNING STRATEGIES 

County Hazard Mitigation Plan Drainage Plans by watershed 

 

City-wide Flood and Stormwater Management 

Plan 

- Prioritizes and recommends stormwater 

capital improvement projects 

 

City Hazard Mitigation Plan 

 

Hazard Mitigation Plans by watershed 

- ID of flood-prone properties 

- Recommended solutions for 

problem areas 

 

County Hazard Mitigation Plan 

 

Flood Risk Assessment and Risk 

Reduction Plan 

- Detailed response to County 

Hazard Mitigation Plan 

- IDs and prioritizes future flood 

mitigation projects 
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Table 10 Continued 

Raleigh, NC Tulsa, OK Charlotte, NC 

STRUCTURAL STRATEGIES 

Past construction of dam system 

 

Smaller structure projects 

- Locally funded by 

stormwater utility fee 

- Includes drainage 

improvements 

 

Past construction of dam and levee system 

 

Smaller structural projects 

- Locally funded by stormwater utility fee 

- Includes channel erosion control and 

drainage improvements 

 

Past construction of dam and levee system 

 

Smaller structural projects 

- Locally funded by stormwater utility fee and bond 

issues 

- Includes channel maintenance, and channel and 

storm drainage improvements 

WARNING STRATEGIES 

Outdoor warning siren system 

- 18 sirens near dams 

Outdoor warning siren system 

- 84 sirens across city 

Flood Information and Notification System 

- Warning system for emergency responders only 
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RECOMMENDED STRATEGIES AND POTENTIAL EFFECTIVENESS 

Raleigh, Tulsa, and Charlotte all currently use floodplain development regulations 

which are based on future land use conditions as a preventative strategy to reduce flood 

risk and increase flood preparedness. In the 100-year floodplain under future land use 

conditions, Tulsa and Charlotte have very similar development regulations in that 1) the 

lowest floor must be one foot above the future 100-year flood height and 2) the enclosed 

areas below the lowest floor must be watertight or allow floodwaters to enter and exit. 

However, in Raleigh’s 100-year floodplain under future land use conditions, there is no 

requirement for where the lowest floor is located. According to Shaun Adams, a flood 

insurance agent in Raleigh, flooding damages on the first floor of a building are usually 

the most significant (Adams, 2013). Therefore, an added requirement about the lowest 

floor location to Raleigh’s development regulations for the 100-year floodplain under 

future land use conditions would help reduce the risk of damage or complete loss of 

personal property from flooding events. This added requirement would also help 

commercial property owners reduce their out-of-pocket expenses for flood damage if 

their properties are impacted by flooding. For commercial properties, like Crabtree 

Valley Mall, property owners can purchase flood insurance coverage for up to $500,000 

and $500,000 for their building and contents, respectively.  According to Adams, this 

above mentioned coverage would only be enough to cover flood damage within two 

stores in Crabtree Valley Mall (Adams, 2013).  

Another item which could strengthen Raleigh’s development regulations for the 

100-year floodplain under future land use conditions is a dryland access requirement for 

habitable buildings like Charlotte’s regulations currently contain. Dryland access is an 

access route which is above the elevation of the 100-year floodplain under future land use 
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conditions and connects to a public street which is also above the elevation of the 100-

year floodplain under future land use conditions (City of Charlotte, n.d.). Requiring 

dryland access would ensure that Raleigh residents who experience more localized 

flooding are prepared with an evacuation route under high risk flood conditions. As for 

development regulations for the current 100-year floodplain, regulations are very similar 

across Raleigh, Tulsa, and Charlotte. 

Corrective strategies, like the city acquisition and demolition of flood-prone 

properties, are currently used by all three cities to eliminate flood risk to properties which 

were developed prior to the adoption of floodplain development regulations. However, 

both Tulsa and Charlotte have a much more aggressive property acquisition program than 

Raleigh currently has. Danny Bowden, the program manager of Raleigh’s SUD, has 

stated that Raleigh’s floodplain management program has been particularly interested in 

Charlotte’s acquisition program. In fact, this was likely the reason why Raleigh’s 2030 

Comprehensive Plan identified Charlotte as a city for which Raleigh would like to study 

its floodplain management program and model Raleigh’s floodplain management 

program after (Bowden, 2013; City of Raleigh Department of City Planning, n.d., 128). 

If Raleigh were to expand its current property acquisition program to resemble 

Charlotte’s Quick Buy Program and Orphan Property Acquisition Program, then Raleigh 

would be able to expedite its current and future planned acquisition of flood-prone 

properties on Capital Boulevard at Pigeon House Branch and the Grove Park Apartments 

at Crabtree Creek. Therefore, the flood risk to these property owners would be more 

quickly eliminated. Both of these projects are currently or are expected to be funded in 

part by FEMA grants. One problem with using federal funds is that the acquisition and 

demolition process typically takes more than a year (Floodplain quickbuy program, n.d.). 

Through using entirely local funds to acquire and demolish flood-prone properties, 
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Charlotte has acquired and demolished flood-prone properties within a matter of months. 

Additionally, federal funding is not always a guarantee. Without funding from FEMA, 

Raleigh does not believe that it would be able to acquire and demolish all of the 

properties at the Capital Boulevard location due to the total project’s estimated $10.7 

million cost. Therefore, if Raleigh wants to more quickly reduce flood risk to flood-prone 

properties and guarantee that their future acquisition plans are feasible, then Raleigh 

should establish a Quick Buy program similar to that of Charlotte funded entirely with a 

stable local funding source. 

However, Raleigh’s development of a Quick Buy program may not be entirely 

effective in reducing flood risk due to the fact that floodplain management strategies in 

general have not historically been applied to Raleigh’s most flood-prone area, the 

Crabtree Valley Mall area. The application of a Quick Buy program to the Crabtree 

Valley Mall area is also unrealistic due to the large positive economic impact the mall has 

on Raleigh and Wake County. Every year, Crabtree Valley Mall is visited by 10 million 

shoppers and generates millions in property tax revenue for Raleigh and Wake County. 

(Buscher, 2006; Eisley, 2006). Therefore, Raleigh’s use of a more aggressive acquisition 

and demolition program of flood-prone properties may not be effective in reducing flood 

risk unless this program is actually applied to Raleigh’s most flood-prone areas. 

In terms of planning strategies, it is also recommended that Raleigh strengthens 

its floodplain management program’s planning strategies through composing 1) 

mitigation or drainage plans by watershed, and 2) a flood risk assessment and risk 

reduction plan. Like Tulsa and Charlotte, Raleigh currently has a hazard mitigation plan 

which assesses current mitigation strategies, assesses flood risk, and identifies additional 

mitigation strategies and the methods for their implementation. Through the development 

of a flood risk assessment and risk reduction plan like that of Charlotte’s, details 
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concerning future flood mitigation projects would be further developed and these projects 

would be further prioritized. The development of this type of detailed plan would help 

Raleigh conserve resources, such as money, time, and energy, spent on floodplain 

management projects since these resources would be directed towards projects which 

would be most effective in reducing flood risk and increasing flood preparedness. 

As for structural strategies, all three cities have used larger structural projects, 

such as dams and levees, in the past to control floods. All three cities have also 

recognized that the potential for flooding will always exist and therefore, have expanded 

their floodplain management programs to include preventative, corrective, planning, and 

warning strategies which reduce flood risk and increase flood preparedness. Currently, all 

three cities’ floodplain management programs include similar smaller structural project 

programs which are funded by a stable source, such as stormwater utility fees. Therefore, 

Raleigh has little to learn from structural strategies used by Tulsa and Charlotte. 

However, it is important for Raleigh to continue the use of smaller structural projects to 

reduce flood risk as the city’s flood risk may be exacerbated due to the city’s rapid 

urbanization.  

In terms of warning strategies, Raleigh should look to Tulsa’s outdoor warning 

siren system in order to increase flood preparedness of individuals in Raleigh’s most 

flood-prone areas. Tulsa’s system contains 84 sirens throughout the city. Although 

Raleigh currently has an outdoor warning siren system, these sirens are not located in the 

most flood-prone areas of Raleigh, the areas surrounding Crabtree Creek and Pigeon 

House Branch. The placement of sirens in these two areas would: 1) allow more time for 

individuals to move to higher ground, 2) help prevent the emergency evacuation and 

rescue operations which have occurred during past flood events in these areas, and 3) 

help prevent the damage to or loss of property, such as vehicles. 
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POTENTIAL IMPLEMENTATION CHALLENGES 

Key challenges which Raleigh might face in the strengthening of their floodplain 

management program include timing, funding, and public perception/support. Timing is 

everything. As evident in the history of Tulsa’s floodplain management program, the 

implementation of floodplain management strategies was most easily accomplished right 

after big flood events since it was easier to receive public support and funding during 

these times. Because Raleigh has been in a drought over the past few years and therefore, 

has not experienced as frequent or big flood events, it may be difficult for the city to 

implement new strategies. Drought and less frequent flood events may also further feed 

public perception that Raleigh has already achieved enough with their floodplain 

management program. 

In order to combat these challenges, Raleigh should look to forming partnerships 

and developing public education initiatives with developers, realtors, educators, 

politicians and the community. Through demonstrating Raleigh’s continued flood risk 

even in the time of drought and how past floodplain management strategies have been 

effective, the city can effectively show how additional floodplain management strategies 

are in the best interest of everyone. 

CONCLUSION 

Floodplain management is an essential operation for urbanized communities in 

reducing the flood risk for and increasing the flood preparedness of floodplain property 

owners. Through examining Raleigh’s historical population growth and land 

development patterns, it is evident that Raleigh will continue to experience rapid growth 

and development into the future, which may exacerbate the frequency, intensity, and 

spatial location of flooding. In order to combat the increased flood risk which Raleigh 

may face in the future, it is essential that the city enhances its floodplain management 
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program. Through the examination of the aggressive floodplain management programs of 

Tulsa, OK and Charlotte, NC, additional strategies for reducing flood risk and increasing 

flood preparedness which may be incorporated into Raleigh’s enhanced floodplain 

management program have been identified. In order to maximize the effectiveness of 

these additional strategies which address flood risk and preparedness, it is important for 

Raleigh to apply these strategies to both high flood-prone areas of the city as well as 

areas which experience localized neighborhood flooding.
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Appendix A: GIS Shapefile Data Description and Sources 

Shapefile Name  

(as downloaded) 

Description Type Update 

Frequency 

Download 

Date 

Source 

CountyBoundary North 

Carolina 

county 

boundaries 

Polygon Annually 2/6/2013 North Carolina OneMap, www.nconemap.com 

gagesII_9322_sept30_2011 USGS Stream 

Gages 

Point Unknown 2/8/2013 U.S. Geological Survey, Maps and GIS Data, 

http://water.usgs.gov/GIS/ 

Raleigh_Buildings_2011 Building 

footprints 

Polygon Annually 11/8/2012 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Raleigh_Zoning_2012_12 City of 

Raleigh 

zoning 

Polygon Monthly 1/28/2013 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_Boundary_2010_01 Wake County 

boundary 

Polygon No updates 

needed 

11/8/2012 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_Corridors_2002_10 Wake County 

watershed 

boundaries 

Polygon No updates 

needed 

1/28/2013 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_Floodplain_2006_04 100-year and 

500-year 

floodplain 

Polygon No updates 

planned 

11/8/2012 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_Highways_2012_12 Highways Line Monthly 1/28/2013 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_HydroPolys Lakes and 

ponds 

Polygon Every 5 

years 

11/8/2012 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_Jurisdictions_2012_11 Wake County 

jurisdictions 

Polygon Monthly 1/28/2013 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 

Wake_MajorStreams_2011_10 Major rivers 

and streams 

Polygon Every 5 

years 

11/8/2012 Wake County Government, GIS Map Services, 

http://www.wakegov.com/gis/services/Pages/data.aspx 
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Appendix B: Example of Interview Recruitment E-mail 

Dear Mr. Robison, 

 

My name is Lauren Tuttle and I am a graduate student in the Community and Regional 

Planning program at The University of Texas at Austin. As part of my graduate program, 

I am required to write a Professional Report investigating a planning topic of my choice. 

For my Professional Report, I am investigating floodplain management programs of 

various cities including Tulsa. More specifically, I am examining strategies for reducing 

flood risk and increasing flood preparedness. 

 

I would like to know if I may ask you a few questions concerning Tulsa's floodplain 

management program over the telephone at a date and time of your choice. If you would 

like to learn more about the research I am conducting, then I would be more than happy 

to answer any questions you may have in advance. 

 

Thank you and I look forward to hearing from you. 

 

Sincerely, 

 

Lauren Tuttle 
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Appendix C: Interviews 

Danny Bowden, PE, MPA 

Division Head/Program Manager – Stormwater Utility Division 

Public Works Department 

City of Raleigh  

 

Where in Raleigh’s 100-year floodplain is flooding experienced most 

frequently and to what extent? 

 

Crabtree Creek is the biggest area of flooding. Two other prime areas within the 

FEMA floodplain which have historically experienced flooding are the Pigeon 

House Branch and Morris Creek.  

 

What are Raleigh’s current floodplain management strategies? 

 

Raleigh participates in the National Flood Insurance Program and the Community 

Rating System program. 

 

Raleigh’s floodplain ordinance became effective in 1973 or 1974. The ordinance 

consists of two components:  

 FEMA maps with flood controls 

 Flood prone areas around smaller streams (not included on FEMA maps) 

have been delineated as well. 

 

The delineation of flood prone areas around smaller streams has been based on 

alluvial or flood-prone soils.  Have been done generally for the past 20 years. 

 

Since the early 1980s and 1990s, watershed studies have been conducted.  Flood 

prone areas in watersheds less than one square miles are delineated based on soil 

maps. 

 

How have these strategies been effective in reducing flood risk? 

 

Bowden feels like the floodplain management program which was implemented 

before him has really reduced flood risk in smaller streams (not necessarily 

Crabtree Creek and the two branches listed earlier). Program has really prevented 

“structure flooding” in living areas particularly. 

 

Most of the “structure flooding” protection is provided through the floodplain 

ordinance. 
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I’ve also had the opportunity to read through Raleigh’s 2030 Comprehensive 

Plan and have a few questions about the Flood Reduction and Preparedness 

action items listed in the Plan. What events or concerns led to the 

incorporation of policy and action items related to flood risk reduction in the 

Comprehensive Plan? 

 

Basically, there are a few things: 1) Raleigh wants to reduce flood damage, 2) 

Raleigh wants to keep future development out of the floodplain, and 3) Raleigh 

wants to preserve natural areas. These are the key points.  

 

In the Pigeon House Branch, there is plan to improve the entire corridor from 

downtown to Beltline. Improvements include road improvements, removal of 

properties, and greenway improvements. 

 

Priorities for floodplain management program match up with other programs 

listed in the Comprehensive Plan. 

 

There is also an action item in the Comprehensive Plan which states: “Study 

the floodplain management programs in other cities including Tulsa OK… 

and Charlotte NC, and model a flood management program similar to what 

these communities have accomplished” (page 128). Why has Raleigh 

identified the floodplain programs of Tulsa, OK and Charlotte, NC as 

programs of interest?  

 

Bowden thinks that this is a good question. Bowden believes that a planner either 

brought in as a consultant from another state or from a consulting firm put this bit 

about Charlotte and Tulsa in the Comprehensive Plan. Bowden was concerned 

about this statement and why it was added. However, Bowden does know a lot 

about the Charlotte floodplain management program. Bowden stated that 

Charlotte has done a lot of buyouts and elevations within the floodplain. This is 

likely what the Comprehensive Plan was referring to. Also, Bowden likes to keep 

track of what other city’s floodplain management programs are doing. 

 

Lastly, I would like to cite the information you have shared with me today in 

my research paper. I would like to know if I may use your name in my 

citation. Would it be ok list your name, occupation, and department in my 

paper? 

 

Yes. Bowden wants a copy of research paper once complete because he likes to 

keep track of what other cities are doing in terms of floodplain management. 
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Shaun Adams 

Insurance Agent 

S J Adams Inc. 

5224 Hollyridge Dr 

Raleigh, NC 27612 

 

Based on your experience concerning where property damages are reported 

due to flooding, where in Raleigh’s Special Flood Hazard Area is flooding 

experienced most frequently and to what extent?  

 

Two prime flooding areas: 

 Crabtree Creek  

o Every 3 years Crabtree Mall usually floods 

o Creek was actually physically moved to allow for the expansion of 

the mall 

o Floodplain expands to over to Six Forks Road where the Costco 

usually floods a lot 

 Southeast Raleigh – Old Garner Rd north of the Police Academy 

o Low-income residential area 

 

Other areas which flood: 

 Falls River 

o The ACOE has handled most of the flooding issues at this river 

o Most of the land around the river is owned by the federal 

government 

 Jordan Lake 

o Flooding experienced periodically 

o But most of the land that flooded is now owned by the state or 

federal government 

 

Wake County is on a plateau, so the county does not experience as much flooding 

as other areas. However, flooding is still an issue. 

 

What types of flood property damages are typically reported within the 

Special Flood Hazard Area? 

 

Two forms of flood insurance: 

 Commercial – Can purchase coverage for up to $500,000 on building and 

$500,000 on contents 
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 Homeowners – Can purchase coverage for up to $250,000 for dwelling 

and $100,000 on contents 

 If you want to purchase more than that then you have to go through a 

broker like Shaun  

 

Because of the location, flooding around Crabtree Creek affects commercial 

development. However, there are apartment complexes on Lead Mine Rd have 

also gotten hit. In southeast Raleigh, flooding mostly affects residences. 

 

In your experience, what are typical ranges in the estimated values of these 

property damages?  

 

Flood damages for the first floor are the most significant. For small home owners, 

the above mentioned coverage is enough for them. However, for the mall, the 

above mentioned coverage would not be enough. The above coverage might be 

enough for two stores.  

 

From my understanding, flood insurance is required for properties within 

the Special Flood Hazard Area. In your experience, have people purchased 

flood insurance outside of the Special Flood Hazard Area? 

 

Purchasing flood insurance is dependent on your mortgage company. In Adams’ 

experience, for people living outside of the floodplain whose mortgage companies 

do not require it, these people do not buy flood insurance.  

 

Is there anything else that you believe would be important for me to know 

about flooding in Raleigh or flood insurance?  

 

Floodsmart.com is a great website for consumers. 

 

When an individual purchases flood insurance, there is a 30-day waiting period 

before the insurance kicks in. 

 

Whether a loan is federally backed or not plays a part in whether insurance is 

required.  

 

Floodplain insurance rates can be grandfathered in. 

 

Lastly, I would like to cite the information you have shared with me today in 

my research paper. I would like to know if I may use your name in my 

citation. Would it be ok list your name, occupation, and department in my 

paper? 
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Yes. Adams wants a copy of research paper once complete. 
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Bill Robison, PE, CFM 

Lead Engineer – Stormwater Project Coordination 

Engineering Services Department 

City of Tulsa 

 

Briefly, what are the key components of Tulsa’s floodplain management 

program? Which floodplain management strategies specifically address flood 

risk reduction and preparedness? Have these strategies been adequate and 

effective in reducing flood risk and increasing flood preparedness?  

 

In the 1970s and 1980s, Tulsa flooded every year or two. These were big floods. 

City said that something needed to be done about this and so they joined the NFIP 

and formed the Department of Stormwater Management. 

 

There are 35/36 drainage basins within the city of Tulsa.  

 

FEMA stops doing its detailed studies and modeling when a drainage basin 

reaches 1 square mile. Tulsa decided to do its own modeling based on full 

urbanized conditions. 

 

City Floodplain Atlas (website, good resource): City of Tulsa –> City Services –> 

Flood Control –> Regulatory Floodplain Atlas 

 

1971 – Tulsa joined the NFIP 

1980s – Department of Stormwater Management formed 

 Master Drainage Plan and modeling took place 

1991 – Joined the CRS program 

 

CRS Program 

 CRS program will be changed dramatically this spring 

 Under the existing program, Tulsa could be a class 1 community. 

However, the only thing that is keeping them back is the requirement that 

50% of the properties within the Special Flood Hazard Area must have 

flood insurance. Currently, about 45% of properties within the Special 

Flood Hazard Area have flood insurance. Not entirely feasible because 

you can’t make people buy in the Special Flood Hazard Area. 

 Under the new program, there are changes to the public outreach program 

requirements.  Tulsa can do these public outreach requirements. If they 

can accomplish these public outreach requirements, then that 50% pre-

requisite will go away. Therefore, Tulsa has the ability to become a class 1 
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community. In the next evaluation cycle, this will probably happen 

because they will be able to do the public outreach requirements. 

 

One problem with holding Tulsa back now with their floodplain management 

program is that people are under the impression that all of the flooding problems 

are solved. People think this is because Tulsa has already done so much and that 

they have been and currently are in a drought. It’s been hard to get funding for 

capital improvement projects. 

 

In the early 1980s, Tulsa had an aggressive program for floodplain acquisition. At 

that time, FEMA would not approve grants for acquisition. Tulsa has bought over 

1,000 properties in the Domingo Creek Basin. Now they are acquiring smaller 

amounts of properties.  

 

Robison is currently working on a repetitive loss program now. It has been 10-12 

years since this has been worked on. There are about 100 repetitive loss 

properties. Robison may send a letter to these properties to see if they are 

interested in the city acquiring them. However, it may take another flood event to 

get these properties truly interested in this program. 

 

What were the political, legal, economic or environmental challenges 

associated with the implementation of these strategies? How were these 

challenges overcome? 

 

In the early 1980s, there was a lot of resistance from developers about the 

program. Developers complained that the city was taking their land and saying it 

wasn’t going to flood. However, people who had experienced flooding were 

coming from the other side requesting help. 

 

This issue of “taking” is coming up now again. There was a bill before the state 

last year that said that any community that enforced floodplain regulations beyond 

the SFHA would be considered a taking. Fortunately, this bill died in the 

committee. However, if this bill had passed, no community would have really 

been able to participate in the CRS program.  

 

In the 1980s when Tulsa started the program, the timing for the program was 

right. There were 100-yr floods every few years and so there was a lot of funding 

for the program. Millions of dollars were thrown to the program. However, now 

because floods are less frequent and there is a drought, funding is becoming an 

issue. $14 million is now up as a bond item. However, this amount is nearly not 

enough for what Bill wants to do. It would cost $4-5 million per project. 
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Is there anything else that you believe would be important for me to know 

about Tulsa’s approaches to flood risk reduction and preparedness? 

 

Yes, Robison will send PowerPoint about Tulsa’s floodplain management 

program’s history. 

 

Lastly, I would like to cite the information you have shared with me today in 

my research paper. I would like to know if I may use your name in my 

citation. Would it be ok list your name, occupation, and department in my 

paper? 

 

Yes. 
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Tim Trautman, PE, CFM 

Flood Mitigation Program Coordinator 

Mecklenburg County, Charlotte-Mecklenburg Storm Water Services 

 

Briefly, what are the key components of Charlotte’s floodplain management 

program? 

 

The flood mitigation program includes a wide range of elements. These elements 

include: 

 FEMA maps 

 Regulated floodplain 

o Trautman oversees regulation under the floodplain ordinance  and 

oversees development in and around the floodplain. 

 Maintain own floodplain maps which are of a higher standard than the 

FEMA maps 

 Planning and Mitigation – Decide where flood mitigation activities should 

occur, how to prioritize these activities and where they should occur. 

 Implementation – Floodplain buyouts and house elevations 

 Advance flood warning system – Stream gages help inform flood data. 

Advanced notification is provided to emergency responders. This 

notification system is primarily geared towards emergency responders so 

that they can go out and help people evacuate and move cars. 

o Information concerning flood warning is also available on the web, 

but it is not fully advertised to the public. This website is still being 

worked on. 

 

Which floodplain management strategies specifically address flood risk 

reduction and preparedness? 

 

All of the strategies above address flood risk reduction and preparedness. The 

overall goal of this multi-prong approach is to reduce flood risk and increase 

flood preparedness. 

 

Because Charlotte-Mecklenburg SWS feels like they can produce better flood 

maps than FEMA, they do so and use them. They take ownership of their maps 

and hold themselves to a higher standard. 

 

The mitigation and implementation prong helps fix problems which are already 

there and helps prioritize them.  
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Have these strategies been adequate and effective in reducing flood risk and 

increasing flood preparedness?  

 

Absolutely. Program is well-established and has been in the works for 12 years. 

Have really taken flood mitigation to the next level.  

 

What were the political, legal, economic or environmental challenges 

associated with the implementation of these strategies? How were these 

challenges overcome? 

 

Funding is always a challenge. Political funding is not always consistent. 

Stormwater utility funds the core of the program. These funds keep the program 

sustainable. These utility funds are not part of tax base. They provide a source of 

stable funding. 

 

Pushback = Perception that more regulation hampers things, but have been able to 

show that they actually help. 

 

Lots of partnerships with developers, educators, realtors, politics to show that 

these strategies are in the best interest for everyone and safe for generations to 

come. Been able to work through some challenges through these partnerships. 

 

Is there anything else that you believe would be important for me to know 

about Charlotte’s approaches to flood risk reduction and preparedness? 

 

No 

 

Lastly, I would like to cite the information you have shared with me today in 

my research paper. I would like to know if I may use your name in my 

citation. Would it be ok list your name, occupation, and department in my 

paper? 

 

Yes. 
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Appendix D: IRB Approval 

IRB E-mail received December 8, 2012: 

Dear Lauren Elise Tuttle,  

 The Office of Research Support (ORS) reviewed the above protocol submission request 

and determined it did not meet the requirements for human subject research. Here is the 

reason why your study is not human subject research: You are doing a information-

gathering interview where the questions focus policies rather than people or their 

thoughts regarding themselves. Please find the determination letter attached. You should 

retain this letter with the respective research documents as evidence that IRB review and 

oversight is not required. 

Thank you, 

Meghan Hammock 

IRB Program Coordinator  

Office of Research Support 

512-232-2625 

 

 

 

 

 

 

 

 

 

 

tel:512-232-2625
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Appendix E: Flood Events in Raleigh: 2000-2012 (National Climate Data Center, n.d.) 

Date Property Damage Estimate Location Impact 

7/29/2000 - Glenwood Ave Street Flooded 

8/1/2000 - Glenwood Ave/HWY 70 near Crabtree Mall Street Flooded 

8/4/2000 - I-440; Capitol Blvd; Wake Forest Rd Street Flooded 

  Capitol Blvd Street Flooded 

  Wake Forest Rd Street Flooded 

9/3/2000 - Avent Ferry Rd Street Flooded 

  Hillsborough St Street Flooded 

9/4/2000 - Avent Ferry Rd Street Flooded 

  HWY 401N Street Flooded 

  Numerous Streets Street Flooded; Vehicles Flooded 

9/25/2000 - Glenwood Ave Street Flooded 

  Creedmore Rd Street Flooded 

  Litchford Rd Street Flooded 

  Numerous Streets Street Flooded 

6/16/2001 - Capitol Blvd at Brentwood Rd Street Flooded 

  Wycliff Rd at Lake Boone Trail Pond Overflow 

  Avent Ferry Rd near N.C. State University Street Flooded; Apartments Evacuated 

3/31/2002 - Glenwood Ave Street Flooded 

  Wade Ave Street Flooded 

6/28/2002 - Avent Ferry Rd Street Flooded; Creek Overflowed into Parking Lot 

8/26/2002 - Saratoga Drive at New Hope Church Rd Creek Overflowed; Apartments and Vehicles Flooded 

10/11/2002 - Numerous Streets in North Raleigh Street Flooded 

  Lumley Rd Building Flooded 

  Crabtree Creek Creek Overflowed 
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6/7/2003 - Numerous Streets Street Flooded 

7/29/2003 - Avent Ferry Rd Vehicles Flooded 

8/8/2003 - Homes Residences Flooded 

  Hillsborough St Street Flooded; Vehicles Flooded 

8/12/2004 - US HWY 64 Street Flooded 

  Durant Rd Street Flooded 

8/13/2004 - Lead Mine Rd Street Flooded 

  Six Forks Rd at I-440 near North Hills Mall Vehicle Flooded 

8/30/2004 - Avent Ferry Rd Street Flooded 

  Marsh Creek Creek Overflowed; Vehicles Flooded 

  I-40 Enter/Exit Ramps Closed 

6/7/2005 - Falls of the Neuse Rd at Spring Forest Rd Street Flooded; Vehicles Flooded 

6/14/2006 - Numerous Streets Street Flooded; Emergency Rescues 

  Crabtree Creek Rose to Highest Levels Ever; Mall Flooded 

6/23/2006 - HWY 401N Street Flooded 

  Perry Creek Rd Street Flooded 

4/27/2008 - Marsh Creek Creek Overflowed 

  Brentwood Rd at Capital Blvd Street Flooded 

  Brentwood Park Park Flooded 

  Atlantic Ave between Hodges and Millbrook Rds Street Flooded; Vehicles Flooded 

  Marsh Creek Creek Overflowed 

8/30/2008 - South Saunders St Street Flooded 

  Martin Luther King Blvd Street Flooded 

  Avent Ferry Rd near N.C. State University Street Flooded 

9/6/2008 $100,000 Crabtree Creek Creek Overflowed 

  Hillsborough Dr at Chapel Dr Motorist Rescued 

  Sullivan Dr between Dan Allen Dr and Varsity Dr Street Flooded 
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  Avent Ferry Rd at Trailwood Dr Street Flooded 

  Numerous Creeks Creek Overflowed; Vehicles Flooded 

5/5/2009 - Capitol Blvd at Old Buffaloe Rd Street Flooded 

  Atlantic Ave at Highwoods Blvd Street Flooded; Vehicle Flooded 

6/16/2009 - Numerous Streets Street Flooded 

  Walnut Creek Creek Overflowed; Community Center and 

Apartments Evacuated 

  Dana Drive Apartment Evacuated 

12/2/2009 - Crabtree Creek near Crabtree Valley Mall Creek Overflowed; Parking Lot Flooded 

12/2/2009 - Avent Ferry Rd Street Flooded 

  Gorman St Street Flooded 

  Hillsborough St at Western Blvd Street Flooded 

1/25/2010 - Hillsborough St near Gardner St Street Flooded 

6/1/2010 - Hillsborough St at I-40 Street Flooded 

8/5/2010 - Glenwood Ave Street Flooded 

8/24/2010 - South Saunders St at I-440 Street Flooded; Vehicles Flooded 

  NC HWY 50 Street Flooded 

  Numerous Streets Street Flooded 

9/30/2010 - Sullivan Dr on N.C. State University Campus Street Flooded 

  Crabtree Creek Creek Overflowed 

  Rock Service Station Rd Street Flooded 

  Old Stage Rd Street Flooded 

8/6/2011 - 320 Hill St Residence Evacuated 

  1817 Capitol Blvd Hotel Evacuated 

  1625 Capitol Blvd Hotel Evacuated 

  Other Businesses and Residences Flooded 

8/6/2011 - Craven Dr Street Flooded 
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  Atlantic Ave Street Flooded 

  Brentwood Rd Street Flooded 

  I-440 near Capital Blvd Street Flooded 

  Numerous Streets in North Raleigh Street Flooded 

9/21/2011 $5,000 Blue Ridge Rd at Western Blvd Street Flooded 

  Hillsborough St near Chapel Hill Rd Street Flooded 

  Avent Ferry Rd at Trailwood Dr Street Flooded 

  Old Wake Forest Rd Street Flooded; Vehicles Flooded 

  Millbrook Rd at Hoyle Dr Street Flooded; Vehicles Flooded 

7/30/2012 - Atlantic Ave at Hodges St Street Flooded 

  Capital Blvd at Hodges Street Flooded 

9/6/2012 - Raleigh Blvd at New Bern Ave Street Flooded 

  Atlantic Ave at Harrod St Street Flooded 

  Peace St at Wilmington St Street Flooded 

  Capital Blvd near Wake Forest Street Flooded 

  Numerous Streets Vehicles Flooded 

9/8/2012 - Several Streets Street Flooded 

  Avent Ferry Rd at Trailwood Rd Street Flooded 

  Hillsborough St near Chapel Hill Rd Street Flooded 

  Atlantic Ave at Hodges St Street Flooded 

9/18/2012 - Several Streets Street Flooded 

  Six Forks Rd Street Flooded 

  Wake Forest Rd Street Flooded 

  Atlantic Ave Street Flooded 

  I-440 Street Flooded 
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Acronym List 

Acronym Definition 

CFM Certified Floodplain Manager 

CRS Community Rating Sytem 

ETJ Extraterritorial jurisdiction 

FEMA Federal Emergency Management Agency 

FINS Flood Information and Notification System 

GFDP General Floodplain Development Permit 

GIS Geographic information Systems 

HB House Bill 

IFDP Independent Floodplain Development Permit 

IRB Institutional Review Board 

MPA Master of Public Administration 

NCDC National Climate Data Center 

NFIP National Flood Insurance Program 

NWS National Weather Service 

PE Professional Engineer 

SFHA Special Flood Hazard Area 

SUD Stormwater Utility Division 

SWS Storm Water Services 

USGS U.S. Geological Survey 
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